Empirical study on the impact of vacancy rate on office rent in Hong Kong by Fong, Wai-yee & 方慧兒
Title Empirical study on the impact of vacancy rate on office rent inHong Kong
Other
Contributor(s) University of Hong Kong
Author(s) Fong, Wai-yee; 方慧兒
Citation
Issued Date 2004
URL http://hdl.handle.net/10722/48842
Rights Creative Commons: Attribution 3.0 Hong Kong License
  
 
THE UNIVERSITY OF HONG KONG 
 
 
 
EMPIRICAL STUDY ON THE IMPACT OF VACANCY RATE ON OFFICE 
RENT IN HONG KONG 
 
 
 
 
A DISSERTATION SUBMITTED TO THE FACULTY OF ARCHITECTURE IN 
CANDIDACY FOR THE DEGREE OF BACHELOR OF SCIENCE IN SURVEYING 
 
 
DEPARTMENT OF REAL ESTATE AND CONSTRUCTION 
 
 
 
BY 
FONG WAI YEE 
 
 
HONG KONG 
APRIL 2004 
 
 
i
 
 
DECLARATION 
 
 
 
 
I declare that this dissertation represents my own work, except where due 
acknowledgement is made, and that it has not been previously included in a thesis, 
dissertation or report submitted to this University or to any other institution for a degree, 
diploma or other qualification. 
 
 
 
 
 
 
 
Signed:  _______________________ 
Name:        Fong Wai Yee       
Date:         10th April 2004     
 
 
ii
ABSTRACT 
 
As an international financial centre, the office industry has been one of the most 
dominating sectors in Hong Kong. This dissertation aims to investigate on the macro 
determinants of office rents. Several rent determinants are identified, which includes 
vacancy rates, employment rates, gross domestic product and interest rate. Focus is put 
on studying the relationship between vacancy rate and office rentals. It has been a 
common belief that there exists a relationship between the two, yet, no model has been 
developed to proof such a relationship in Hong Kong. A concrete support of the 
relationship between vacancy rate and office rentals is suggested in the study. 
 
Time lag relationship is identified. It is found that the time lag relationship between 
vacancy rate and office rental is shortening, from two years in 1980 to 1987 to one year 
in 1988 to 2002. The latest time lag relationship shows that the time lag between the two 
factors has shortened to 1 quarter in 2003. However, this 1-quarter lag is predicted to be 
about the shortest time lag possible in the market due to the time needed for analyzing the 
office market, collecting the vacancy data and adjusting the rents accordingly. 
 
Regression models are developed to test and confirm the relationship between office 
rentals and the rent determinants. Vacancy rate is found to be negatively affecting the 
office rentals at all times while fluctuation of results may be found in other rent 
determinants. The rent adjustment model is found to be both location and time specific.  
 
Natural vacancy rate has been used as a rent determinant over the past 30 years in the rent 
adjustment models in US; yet, no institutional approach for finding the natural vacancy 
rate has been developed. The natural vacancy rate in Hong Kong is found using 3 
suggested methods used in US. The result found is applied into the rent adjustment model. 
Despite its importance as stated in previous literature, no significant result can be 
obtained. 
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CHAPTER 1 
INTRODUCTION 
 
1.1  Background 
In Hong Kong, offices are dominating in Tsim Sha Tsui, Central, Wan Chai etc, the 
centres of our city. Their domination clearly shows its superior status in our economy. 
Industry can be categorized into 3 sectors, primary (agriculture, mining and quarrying, 
fishing), secondary (manufacturing industry) and tertiary (services). In the 1840s, 
when Hong Kong was a fishing port, most of the population was grouped in the 
primary sector. With the change in economy, there has been a shift from primary to 
secondary to tertiary industries throughout the years. According to a statistics, people 
involving in the financing, insurance, real estate and business services contribute to 
one fifth of the total workforce (refer to table 1.1) and also one fifth of Hong Kong’s 
gross domestic product (refer to table 1.2). There is great influence on the need for 
office space by these 2 figures. 
CHAPTER 1  INTRODUCTION  PAGE 2 
 
 
Table 1.1:  Employment in the financing, insurance, real estate and business 
services sector1 
Year Number of employees Total workforce
% of total 
workforce 
1980 131 600 2 323 400 5.66% 
1981 154 769 2 489 500 6.22% 
1982 166 124 2 498 100 6.65% 
1983 161 691 2 540 500 6.36% 
1984 169 523 2 606 200 6.50% 
1985 180 851 2 626 900 6.88% 
1986 194 261 2 699 700 7.20% 
1987 212 243 2 728 200 7.78% 
1988 235 452 2 762 800 8.52% 
1989 254 792 2 752 800 9.26% 
1990 276 621 2 748 100 10.07% 
1991 295 866 2 798 800 10.57% 
1992 314 532 2 280 107 13.79% 
1993 338 093 2 271 703 14.88% 
1994 369 594 2 353 135 15.71% 
1995 378 244 2 327 138 16.25% 
1996 395 903 2 372 137 16.69% 
1997 410 979 2 292 077 17.93% 
1998 390 454 2 125 952 18.37% 
1999 415 326 2 251 546 18.45% 
2000 434 105 2 293 171 18.93% 
2001 433 874 2 285 456 18.98% 
2002 441 305 2 261 939 19.51% 
 
                                                 
1 The Census and Statistics Department (1980 to 2003) Hong Kong Monthly Digest. Hong Kong: the 
government 
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Table 1.2:  Percentage GDP of the financing, insurance, real estate and business 
services sector2 
Year % of Total GDP 
1980 22.90% 
1981 23.80% 
1982 22.60% 
1983 17.90% 
1984 15.90% 
1985 16.30% 
1986 17.30% 
1987 18.20% 
1988 19.20% 
1989 19.80% 
1990 20.80% 
1991 22.70% 
1992 24.20% 
1993 25.70% 
1994 26.80% 
1995 24.40% 
1996 25.20% 
1997 26.20% 
1998 24.20% 
1999 23.40% 
2000 23.70% 
2001 22.50% 
2002 21.90% 
 
Within the office market in Hong Kong, most of the businessmen choose to rent an 
office instead of buying an office. The number of sale transaction is much lower than 
                                                 
2 The Census and Statistics Department (1980 to 2003) Hong Kong Monthly Digest. Hong Kong: the 
government 
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that for renting. Thus, focus will be put on rental instead of sale in the office market. 
Basic economic supply and demand theory states that transaction prices are affected 
by supply and demand factors, when there is excess supply than demand, the 
transaction price is expected to decrease and vice versa. Applying this theory to the 
office market, when vacancy rate increases, which implies having supply in excess of 
demand, the transaction prices are expected to decrease.  
In the business world, those who are able to react faster to the market are always the 
ultimate winner. In order to run a business, having a good office is crucial. Thus, 
being able to react to the office market when allocating the business is of great 
benefits to the business. Being able to locate a suitable office for the business also 
helps to bring more customers to the business. Understanding the office market 
definitely helps in running a business. In this study, several factors affecting the office 
rental will be briefly looked at, with the focus on the relationship between vacancy 
rate and office rental prices. 
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1.2  Objectives 
The objectives of this dissertation include, 
1. To find out if there is any relationship between vacancy rates and office rental 
prices 
2. To find out what the relationship is, for example, if there is a time lag between 
vacancy rates and office rental prices 
3. To find out the reasons why there is a common believe that vacancy rates and 
office rentals are related, if there is no relationship between the two. 
4. To find out the natural vacancy rate in Hong Kong and see what effect the natural 
vacancy rate has on the office rental adjustment process. 
 
1.3     Scope of study 
In this study, only rentals of the overall office sector will be looked at. It is to prevent 
any inconsistency of data, since office grading has been changed within the years this 
study fall into. Moreover, some factors, like the gross domestic products and 
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unemployment rates, lack locational data. Therefore, this study will focus on the 
overall office market in Hong Kong in terms of both grades and location. 
Besides, this study will focus on macro views of how the rentals are being affected. 
Thus, no micro factors, e.g. height and view of the premises, will be considered.  
Furthermore, data starting from 1977 to 2002 will be collected. This range is slightly 
longer than the targeted study period, 1980 to 2002, due to the time lag factor existed 
in the model.  
A number of rental adjustment models on this area have been developed in the United 
States, yet, there is a lack of such model in Hong Kong. It has been a common 
knowledge that an increase in vacancy rate will lead to a decrease in office rentals; the 
extent and the reaction time between the 2 factors are not specified. This provides me 
with interest to carry out this study and to find out the more concrete relationship 
between office rentals and vacancy. It is believed that by establishing a relationship 
between vacancy rate and office rental, property managers and businessmen will be 
benefited since they are able to predict a better view of the coming rental level and 
negotiate for a lower rent if the prevailing vacancy rate is high in the market, or if 
they foresee that the vacancy rate will rise due to a large number of completions in the 
market. 
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1.4      Structure of study 
This study is allocated into seven chapters. Chapter 1 is the introduction, which 
presents the background, the objectives, the scope of study and the structure of study. 
In Chapter 2, there will be a brief summary of the office development in Hong Kong 
from 1980 to 2002. It is followed by Chapter 3, where previous literatures about 
equilibrium in office market, the actual and natural vacancy rate, relationship between 
vacancy rates and office rental, models for estimating natural vacancy rates and rental 
adjustments in both residential and office sector will be reviewed. After looking at the 
literatures, in Chapter 4, the hypotheses of this study will be defined and developed. 
In Chapter 5, the collected data and their treatment method, the models for rental 
adjustment in Hong Kong and the models for estimating the natural vacancy rates will 
be presented. It is then followed by Chapter 6, which shows the results and analysis of 
the proposed rental adjustment models, results of the estimation models of natural 
vacancy rate will also be demonstrated and tested on the rental adjustment models. 
Lastly, in Chapter 7, a conclusion of the study, together with the limitations and 
suggestions for further improvements and researches will be presented.
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CHAPTER 2 
THE OFFICE MARKET IN HONG KONG 
 
To study the relationship between vacancy rate and office rentals, the past office 
rentals cycle in the past 23 years is looked at. It gives a brief view of how the trend of 
office rental moves and the factors contributing to the move are suggested.  
The office rental market in Hong Kong has experienced several cycles in the past 20 
years (see graph 2.1), where 3 peaks can be identified; they are 1989, 1994 and 1997.  
Graph 2.1  Rental Index (base 1999=100) from 1980 to 20023 
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3 The Rating and Valuation Department (1978 to 2002) The Property Review. Hong Kong: the 
Government 
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A sharp rise in interest rates in the pre-peg exchange rate regime and the loss of 
confidence as a result of the initial 1997 negotiation in Beijing, impacted on demand 
and take-up in 1981 to 1983, therefore, rentals declined between 1982 and 1985. 
Shortly after the signing of the Sino-British Joint Declaration, people’s confidence 
towards the business market returned and demand increased. Rental prices climbed up 
again after 1985. 
The doom and gloom from 1981 to 1985 resulted in a great decrease in supply in 1986 
(see table 2.1). 
Developers tended to slow down or postponed their office development project after 
experiencing the doom in 1981 to 1985. Due to the development lag, new completions 
of office dropped drastically in 1986. However, after the signing of the Sino-British 
Joint Declaration, developers gained confidence again and sped up the office 
development projects, resulting in a rebound of office supply in 1987 to 1989. Despite 
the increase in supply in the office sector, rentals continued to rise over the period, 
probably because of the favourable economic conditions over the period, as it can be 
observed through the real GDP growth, from 0.5% in 1985 to 10.8% and 13% in 1986 
and 1987 respectively. As China sped up its economic liberalization after the 
mid-1980s and set up its fifth Special Economic Zone (SEZ) in Hainan Island in April 
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Table 2.1   Overall year end supply in the office sector from 1980 to 20024 
Year 
Overall year end supply 
( ´000m2) 
1980 .* 
1981 310 
1982 .* 
1983 591 
1984 219 
1985 308 
1986 46.1 
1987 247 
1988 247 
1989 269 
1990 200 
1991 459 
1992 65 
1993 413 
1994 502 
1995 673 
1996 269 
1997 456 
1998 737 
1999 427 
2000 96 
2001 76 
2002 166 
 *Missing data for 1980 and 1982 
1988, foreign direct investment kept on increasing in terms of realized capital since 
1987. Since people treated Hong Kong as the stepping stone to the market in China, 
                                                 
4 The Rating and Valuation Department (1978 to 2002) The Property Review. Hong Kong: the 
government 
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demand in the office sector in Hong Kong increased, which was enough to outweigh 
the supply at that period, resulting in a rising trend for office rentals from 1986 to 
1989. 
The upward trend of rentals stopped after 1989 and experienced a drop in 1990 to 
1991. It was mainly due to the Tiananmen Square incident in June 1989, where people 
lost confidence in the government, leading to a collapse in demand. 
In July 1991, the new airport project was announced. People became more optimistic 
towards the economy in Hong Kong, which helped to boost the demand. Thus, office 
rental rose up from the bottom in 1991 and to a peak in 1994. The bearish stock 
market in 1994 led to a drop in rentals from 1995. Besides, there was the introduction 
of credit tightening policy in China in 1993, which resulted that capital flowing into 
Hong Kong slowed down significantly. Business environment in Hong Kong 
deteriorated and demand for office space was restrained. The situation was improved 
in 1996 and 1997. In 1997, with the gain in confidence in the economy, which was 
later on found to be over-confident, there was the economic boom. There was 
increasing leasing activities, pushing the office rentals to another peak. 
In the same year, there was the Asian financial crisis. The bubble burst. The economic 
environment in Asia was threatened. Developers slowed down developments since the 
CHAPTER 2  THE OFFICE MARKET IN HONG KONG PAGE 12 
 
 
demand for office space decreased drastically, resulting in a fall in rentals from 1997 
to 1999. The rentals began to stabilize in 1999, because of the intervention in the 
stock and futures markets by the government, which in turn supported the economy in 
Hong Kong to a certain extent. The market was recovering steadily, which could be 
shown by the relatively stable rental trend in 1999 to 2001. 
In 2002, there was the 911 incident. The economy in US was greatly affected. Since 
there might be war between US and Iraq, developers lost confidence in the market. 
Though it is not shown in the above graph, it is expected that with the start of war in 
Iraq in March 2003 and the outbreak of SARS in Hong Kong in 2003, the growth in 
GDP will be affected, as predicted by the Financial Secretary5 and the demand for 
office spaces is expected to be depressed. With the supply onto the market on stream, 
including the International Finance Centre in Central and the Cyberport in Pokfulam, 
a decrease in rental is forecasted in the second half of 2003 and in the first half of 
2004.
                                                 
5 DTZ World (Q1 2003), Asian Property Times – Office Market. Hong Kong: DTZ Research. 
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CHAPTER 3 
LITERATURE REVIEW 
                                                                                     
3.1  The Office market 
Wheaton (1987) argues that the most distinguishing feature of the office market 
comparing with the housing market is its tenure structure. Majority of the office space 
in the market is rented which is also the case in Hong Kong. In Hong Kong, office 
leases are often 3-year leases while in the United States, lease term may be as long as 
10 to 15 years. 
 
3.1.1  Equilibrium in Office market 
In the market for real estate use or space, demand comes from the occupiers of space. 
For firms, space is one of the many factors of production, and like any other factor, its 
use will depend on firm output levels and the relative cost of space, in which the cost 
of occupying space is rent. For tenants, rent is specified in a lease agreement, while 
for owners, rent is defined as the annualized cost associated with the ownership of 
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property. (Quadrio Curzio, 1999) 
When talking about equilibrium in the office market, the basic concept of long-run 
equilibrium requires the fulfillment of balanced demand and supply. Wheaton and 
DiPasquale (1992) first develop a systemwide view of demand and supply in the 
office market. The model is illustrated in Fig.3.1. 
Fig. 3.1  Equilibrium demand and supply for office space 
 
All of the values on the axes are in equilibrium, which assumes that the parties in the 
system, including the landlords, investors, developers and tenants, have no incentive 
to change their behavior. The above diagram serves to show the relationships among 
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current demand for rental space, the asset price of real property and supply of new 
construction. Clapp (1993), bases on the above model, explains the equilibrium in 
demand and supply of the office market. 
Quadrant I shows the demand curve. For a given stock S1, the rental price is found on 
the demand curve. It shows the relationship between the stock of the office space and 
net operating income (NOI). Quadrant II shows the value of the office space. NOI psf 
is divided by the user cost of capital to obtain the asset price or value of an additional 
square foot of office space. Whereas in quadrant III, it gives the marginal cost of 
building new office space which is needed to replace the space that has worn out. This 
is a standard supply schedule from economics, when in equilibrium, this supply 
schedule will depend purely on replacement cost. Lastly for quadrant IV, it shows the 
relationship between the equilibrium stock of office space and a certain amount of 
replacement construction. C on the lower vertical axis is the equilibrium new 
construction, meaning that it will not cause any growth or decline in the amount of 
office space.  
Clapp identifies that when the equilibrium in Fig. 3.1 is interfered by an increase in 
demand, rents and NOI on existing buildings will rise. Equilibrium may not be able to 
maintain since it takes a long time to plan and build new office space, there will not 
be immediate change in supply. With an increase in demand, vacancy rates will tend 
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to fall. In view of the rising rents and drop in vacancy rates, developers and investors 
will be encouraged to build more space, resulting in a rise in the stock of space to an 
amount consistent with the new, higher demand, i.e. at S2. 
Fig. 3.2 illustrates the relationships between demand, supply, NOI, value and new 
construction when there is a shock in demand. 
Fig. 3.2  A shock to demand (D’), causing supply value and construction to 
adjust to higher equilibrium levels 
 
DiPasquale and Wheaton (1992) suggest that rent is determined in the property 
market for space, not in the asset market for ownership. The task of the property 
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market is to determine a rent level at which the demand for space equals the supply of 
space, i.e. when the market is in equilibrium. Rent is having a close relationship with 
the market equilibrium. It was believed that changes in rent occurring in the property 
market would immediately affect the demand for assets in the capital market. Besides, 
when construction increases and the supply of assets grow, not only are prices driven 
down in the asset market, but rents also decline in the property market. 
 
3.2  Vacancy rates 
The concepts of vacancy rates are important in understanding the rental adjustment 
process. In understanding the relationship between rents and vacancy rates in the 
property market, ideas of actual and natural vacancy rates have to be understood. 
 
3.2.1  Natural vacancy rate and Actual vacancy rate 
McDonald (1993) suggests that vacant space in a market has economic value because 
it permits a short-run response to unexpected increases in demand and reduces search 
costs for potential tenants, therefore, the market benefits from the existence of some 
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unoccupied space. In the long run, there is the natural vacancy rate at which the costs 
to the office building users and the benefits to potential users of additional vacant 
space are equal. 
Rosen and Smith (1983)6 define natural vacancy rate to be  
The vacancy rate in any market at which there is neither excess demand nor 
excess supply and hence the rent is at its long-run equilibrium. 
They consider it in a manner analogous to the natural unemployment rate, where the 
vacant stock is required to facilitate the search needs of tenants looking for office 
space as well as the search needs of landlords looking for tenants. 
Shilling et al. (1987) have a slightly different view on natural vacancy rate. They 
define it as the optimal inventory of vacant units that maximized landlords’ 
anticipated profits which in turn depend on the landlords’ expectations with respect to 
office space demand and the marginal cost of holding vacant spaces. 
 
 
                                                 
6 Rosen, K.T., Smith, L.B. (1983) The Price-adjustment Process for Rental Housing and the Natural 
Vacancy Rate. The American Economic Review. Vol. 73 (4), p.782 
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While Clapp (1993)7 considers 
Natural vacancy rate is the rate of vacancies that leaves landlord with no desire 
for change. It is a long-run equilibrium or optimal rate because landlords are 
happy with this amount of vacant space under the given conditions. 
The above definition simply means that the landlords are willing to hold some vacant 
spaces in order to satisfy the need of other prospective tenants who are able to pay the 
landlords a better offer. Clapp (1993) analyzes that the behavior of the cycles of office 
market as a result of unanticipated changes in supply and demand can be explained by 
the theory of natural vacancy rate. Thus, natural vacancy rate is an essential variable 
in understanding the theory of office market dynamics. Tse (1993) regards natural 
vacancy rate to be a buffer stock in the market to minimize transaction costs. Voith 
and Crone (1988) develop and estimate a model that decomposes the variance in 
office vacancy rates into market-specific, time-specific and random components. The 
results show significant differences in natural vacancy rates across markets. Tse and 
Fischer (2003) also find that the stationary component of natural vacancy rates tends 
to be different across cities. Investigating on the natural vacancy rates of the rental 
                                                 
7 Clapp, John M. (1993) Dynamics of Office Markets: Empirical Findings and Research Issues, 
Washington, D.C.: Urban Institute Press, p. 31 
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housing markets in the United States, Gabriel and Nothaft (1988) suggest that 
determinants of the natural vacancy rate can be analyzed by considering those factors 
that alter both the duration and the incidence of vacancy. Duration refers to the 
average length of time an apartment remained vacant while incidence is the 
probability that an apartment will become vacant. Thus, phenomena causing either the 
duration to be longer or the incidence of vacancy to be higher would lead to a higher 
level of natural vacancy rate. 
On the other hand, actual vacancy rate is the actual amount of vacant space held by 
the landlord which does not reflect the landlord’s expectation. Hekman (1985) 
consider that actual vacancy rates may capture shifts across time, but differences in 
supply schedules across markets are best reflected in natural vacancy rates.  
The difference between the actual and natural vacancy rate is called the vacancy gap. 
It serves to reflect the disequilibrium of the market. It is believed that this vacancy 
gap is one of the main determinants in the rent determining process, as supported by 
Wheaton and Torto (1988), Rosen and Smith (1983), Clapp (1993) etc. 
 
 
CHAPTER 3  LITERATURE REVIEW  PAGE 21 
 
 
3.2.2  Vacancy rates and office rental movement 
Vacancy rate is the difference between total stock and space absorption, expressed as 
a percentage of stock. As discussed, there are actual vacancy rates and natural 
vacancy rates in the office market. Tse and Fischer (2003) conclude that the 
movement of vacancy rates forms a valuable starting point for analyzing the 
relationships and adjustment processes in the office space market. It can be expected 
that setting a lower rent leads to a faster rate of unit inspections by tenants, which 
ultimately reduces the length of time a unit is vacant. Higher rents increase the 
duration of vacancy, but will yield more income. Wheaton and Torto (1995) consider 
that in equilibrium, landlords arrive at levels of rent where their vacancy duration 
equals that in the overall market. In studying the office rent dynamics, McDonald 
(1993) suggests that data on effective rents must be made use of instead of those on 
simple contract rents. 
Rental adjustment equations, which link rental change in real rents to deviations in the 
vacancy rate from the natural vacancy rate, are well-established parts of the modeling 
of property markets. This approach has its origins in the labor economics, where real 
wage inflation has been related to deviations of the employment rate from the natural 
employment rate. Blank and Winnick are the first one to apply the labor economics 
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model into the rental housing market and their application is later on modified and 
applied in the office market. Smith (1974) is the first to provide empirical support for 
the vacancy rate model. He uses data from five Canadian cities and regresses the rate 
of change in rents on the vacancy rate, lagged vacancy rate and the current and lagged 
rate of change in property taxes. Results found that vacancy rate and lagged value 
were significant while impact of tax changes was insignificant. 
Wheaton (1987) studies the relationship between vacancy rates and the direction of 
price levels, absorption and levels of new construction. He uses semi-annual periods 
and determines the appropriate lags to be 6 periods in the absorption equation and 5 
periods in the construction equation. He also finds the rate of office employment 
growth to be a significant determinant in finding out the absorption and construction 
in the office market. In relating vacancy rates and office rentals, Wheaton finds that 
construction decisions are actually driven primarily by expectations of demand, but 
not short-term interest rates and construction costs. 
Tse and Webb (2003) share a similar view as Wheaton (1987). They consider that 
vacancy rates, together with the demand in the market, will disturb the supply of 
office spaces. Vacancy rate, supply and demand of offices are three areas influencing 
each other in the office market. However, the supply and demand are subject to 
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different institutional rigidities and they will adjust independently in responding to 
external shocks in the market, thus, equilibrium may not always be achieved and 
vacancy rates may fluctuate. Tse and Webb (2003) claim that both the demand and 
supply of office space react to the short-run cyclical changes in the overall 
macro-economy where demand is much more responsive to market conditions than 
supply. Development may be oversensitive to demand shocks, while stock supply is 
very insensitive to the demand shock. Vacancy rate is expressed as 
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where 
tv  is the vacancy rate at t 
tD  is the demand at t  
tC  is new completions at t and  
δ  is the rate of depreciation of stock8 
                                                 
8 The depreciation of stock refers to the rate of decrease of vacancy rate. For example, one assumes no 
new construction and no change of space absorption in the office markets, with a 2% annual 
depreciation rate, the market will take 4 years for the vacancy rate to drop from 15% to 7% 
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It is a common knowledge that there will be transaction when the demand and supply 
curves intersect. In the rental market, this rule still applies. Landlord will set a 
minimal acceptable rent for his premises, at the same time, potential tenants will set a 
maximum rent that they are willing to pay; the premises will remain vacant until there 
is a potential tenant who is willing to pay at or more than the set rent by the landlord. 
The rent is set based on the competing tenants and the amount of vacant spaces in the 
market. The more (less) the competing tenants and the less (more) vacant spaces, the 
higher (lower) the rent, including both the minimum rent by landlord and the 
maximum rent by tenants, will be.  
There are two situations when premises will be vacant, as understood by actual and 
natural vacancy rate. The first situation is when landlord cannot meet a satisfactory 
potential tenant who is willing to pay the set minimum rent, i.e. the maximum rent the 
tenant is willing to pay does not intersect with the minimum rent the landlord is going 
to collect; and the second situation is when the landlord purposely hold some of his 
premises in order to achieve an optimal inventory of vacant units that maximizes 
landlords’ anticipated profits as such it depends on their expectations with respect to 
office space demand and the marginal cost of holding vacant units as suggested by 
Shilling et al. (1987). 
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Wheaton and Torto (1988) confirm the negative relationship between vacancy rates 
and the real rents. They argue that it might be expected that the longer the lease, the 
less responsive rents will be to changes in the vacancy rate. Thus, Lease term should 
be treated as one of the elements in the rental adjustment process. They suggest that it 
is the current and not past vacancy that induces rental changes. There was no 
compromise over this issue. McDonald (1993) uses the standard rental adjustment 
model and adopts a one-year time lag adjustment. Sivitanides (1997) find that the time 
lag between vacancy rate and rental in various states in the United States is three 
semesters instead of the traditional view of two semesters. Hendershott (1994) and 
Tse and Webb (2003) adopt a 2-year lag between real effective rents and vacancy rates. 
Hendershott, et al. (2000) use the Johansen co-integration and detect that there 
appears a 2-year time lag instead of one.  
There are also arguments that rents are slow to adjust to changes in market conditions. 
Clapp (1993) suggests that there is sluggishness in the rental adjustment system, so 
that vacancy rates adjust before rents adjust. He gives three reasons for the above 
phenomena. Firstly, it is due to the long-term leases, which cause both landlords and 
tenants to be less influenced by current market conditions. Secondly, it is due to the 
high transaction and search costs, which make it difficult to determine what the 
market clearing rent should be. Lastly, the supply of office space is slow to respond to 
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changes in market conditions. Thus, it is easy to change the amount of vacant space 
but difficult to change the total amount of space. By the last reason raised by Clapp 
(1993), it serves in modeling the office market since the supply of space can be taken 
as roughly fixed. Thus, the vacancy rates should be the first variable to respond to 
changes in the demand for space in the market. 
 
3.2.3  Estimating the natural vacancy rate 
As mentioned earlier, vacancy rates actually refer to both actual and natural vacancy 
rates. To understand the relationship between vacancy rates and rentals, apart from 
looking at the actual vacancy rates, the natural vacancy rate should also be looked at. 
While actual vacancy rate can be found in most market researches, there does not 
exist such data for natural vacancy rates. Thus, many different models to find out the 
natural vacancy rate have been developed.  
The natural vacancy rate tends to increase when the demand of office grows rapidly. A 
high natural vacancy rate implies that the landlord tends to raise the rental rates and is 
more willing to hold the vacant space, and conversely for low natural vacancy rate. 
Despite the importance of the concept of natural vacancy rate as stated in previous 
CHAPTER 3  LITERATURE REVIEW  PAGE 27 
 
 
section, Voith and Crone (1988) reveal that there exists no commonly accepted 
measure of market-specific natural vacancy rates nor commonly accepted method of 
deriving them. Over the years, different natural vacancy rate models have been 
developed. These models mainly fall within two categories, i.e., assuming either 
constant natural vacancy rates or dynamic natural vacancy rates. 
 
3.2.3.1 Constant natural vacancy rate 
Rosen and Smith (1983) define the natural vacancy rate in a manner analogous to the 
vacancy rate concept in the labor market. They estimate a pooled model for 17 U.S. 
cities with fixed city effects. Their estimation of natural vacancy rates by city varies 
from 6 to over 23 percent, which is certainly an implausible range. Shilling, et al. 
(1987) assume the natural vacancy rate to be constant in his rent adjustment model.  
 
VbEbbR 210 −+=            (Equation. 3.2) 
where  
R is the rate of change in rents 
E is the rate of change in total operating expenses 
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V is the observed vacancy rate 
nVbb 20 =  and 
11 ≈b  
nV  can then be estimated if assumption that the natural vacancy rate is a constant is 
made. They consider the office markets and employ the pooled approach for 17 U.S. 
cities. They determine the normal vacancy rate for each city by assuming the intercept 
term in the above equation to be zero. The normal vacancy rate for each city will then 
be given by 
2
0
b
b
V n =  and the natural vacancy rate found is implausible again, with a 
range of 1 to 21 percent. 
Later on, assuming natural vacancy rate to be a constant is considered to be 
unreasonable and thus, dynamic natural vacancy rate models are developed. 
 
3.2.3.2 Dynamic natural vacancy rate 
Rosen (1983), Shilling, et al. (1987), Voith and Crone (1988), Wheaton and Torto 
(1988), Shilling et al. (1992), Grenadier (1995) and Hendershott, et al. (2000) develop 
models in which the natural vacancy rate changes over time. 
Rosen (1983) assumes natural vacancy rate to be a function of interest rates and 
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expected rent levels.  
( )ett RifV ,=             (Equation. 3.3) 
where 
tV  stands for natural vacancy rate 
i  stands for interest rates and 
e
tR  stands for expected rent levels 
The inclusion of the interest rate variable presumably reflects the costs of carrying 
excess capacity. He hypothesizes that higher interest rates will lower the natural 
vacancy rates while higher expected rent levels will work to increase natural 
vacancies, as suppliers attempt to maximize future returns by having space available 
when it is demanded in the future at a higher price. Gabriel and Nothaft (1988), using 
this method, investigate 16 cities and obtain a reasonable natural vacancy rate range 
from 4 to 10 percent. Voith and Crone (1988) and Wheaton and Torto (1988) provide 
evidence indicating that the natural vacancy rate in the real estate market does vary 
through time. Thus, Rosen and Smith’s (1983) empirical specification, which does not 
include any variable that potentially affects the natural vacancy rate through time, 
fails to account for such variability. 
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Hendershott, et al. (2000) suggest that the natural vacancy rate can vary across time as 
well as space. Therefore, it is reasonable to assume a ranging variable across different 
districts in Hong Kong. Wheaton and Torto (1988) use real rents and estimate the 
basic model for the US office market from 1968 to 1986. They introduce a linear 
trend line method to accommodate a hypothesized rise in the natural rate, and estimate 
a 6 percent rise, which they attribute to the spatial expansion of office centers, the 
broader case of tenants, increases in tenant turnover and a shortening of the average 
length of lease. Their simple trend line estimation is, 
 
ctbVN +=             (Equation 3.8) 
where 
VN  stands for value of natural vacancy rate at time t 
b and c stand for 2 constants and 
t   stands for time 
The result of the model showed that the slope of the above trend line was 0.34, 
meaning a trending upward by 0.34% of the natural vacancy rate every year, from 7% 
in 1968 to 13% in 1986. The model is found to be period specific and may not show a 
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true and fair view of the real situation in the market. This idea is criticized by Ball 
(1998) that this sort of time trend estimation cannot be long-term feature, since it will 
result in raising the natural vacancy rate consistently. 
Using semi-annual data of vacancy rate from 1979 to 1987 in 17 states in the United 
States, Voith and Crone (1988) establish a simple econometric model. By an 
autoregressive process, natural vacancy rates are tracked. The basic framework is as 
follows. 
 
itiitV εα +=             (Equation. 3.4) 
itttiiit µβερε ++= −1,           (Equation. 3.5) 
where 
itV   stands for the observed vacancy rate for market i in period t 
iα   stands for a market-specific natural vacancy rate in period i 
itε   stands for the deviation from that equilibrium vacancy rate 
iρ   stands for the persistence of the deviation for market i  
tβ   stands for a time-specific component of the office vacancy rate that affects 
all market equally 
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itµ   stands for a market-specific shock with a zero mean and 
ii βα +   stands for the market-specific natural vacancy rate for market i in period t 
with 0=tβ  at t =1. 
Combining equation 3.4 and equation 3.5 would give: 
( ) ittiitiiit VV µρβρα +++−= −1,1        (Equation 3.6) 
With interactive regression, it became: 
( ) 1,
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where 
iD  is an N-vector of dummy variables that =1 if city = i, 0 otherwise 
tM  is a (T-1) vector of dummy variables that =1 if time = t, 0 otherwise, with the 
dummy variable for t = 1 is omitted. 
The result shows that while there is similarity across the central business district 
(CBD) and suburban markets in terms of the time-specific and market-specific 
components of the natural vacancy rate and the persistence of shocks, the CBD and 
suburban markets are sufficiently different that the CBD and suburban observations 
should not be treated as two observations on the same market. The result also suggests 
that the natural vacancy rates of the office market are fast to adjust in some places like 
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New York, Hartford and Boston; yet, no explanation is given for why some places do 
not give the same result. Voith and Crone (1988) also consider that natural vacancy 
rate should depend on variables such as expected absorption rates, expected rental 
rates, operating costs and construction costs. Since these variables differ among office 
markets, so do the natural vacancy rate.   
Tse (1993) develops an econometric model to find out the natural vacancy rate of the 
rental housing market in Hong Kong. The model is as follows, 
 
( ) tttnt uPVVR ++−= − βα 1          (Equation 3.9) 
where 
tR    stands for the rate of change of nominal rent 
nV  and 1−tV  stand for the natural vacancy rate and actual vacancy rate respectively 
with one-period time lag and 
tP     stands for the inflation rate 
In the above model, Tse expects that 0,0 >< βα  in the result. 
Grenadier (1995) develops a model with variances in individual city vacancy rate 
decomposing into a common time-varying component and city-specific fixed effects. 
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These location specific models may not be very relevant in showing the true market in 
Hong Kong due to the locational difference between the U.S. and Hong Kong. It is 
expected that across different cities in the U.S., where the cities are distant apart, there 
will be great difference in city centres and the rural area. This is not likely to be the 
case in Hong Kong. Though there are CBD identified, due to the limited size of Hong 
Kong, the difference in facilities, like road networking, in different district is less 
significant when compared. 
 
3.3  The rental adjustment models 
After having a basic idea of vacancy rates, the office rental market and the 
relationship between them, rental adjustment models in the office sector will be 
looked at. 
Eubanks and Sirmans (1979) are the first one to investigate in the rent adjustment 
process. Their empirical model is based upon the premise that nominal rent change R 
is based upon excess demand or supply, as represented by the prevailing vacancy rate 
and the inflationary increase in operating costs, which are usually passed onto the 
tenants. 
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( )EVfR ,=             (Equation 3.10) 
where 
R stands for nominal rent change 
V stands for prevailing vacancy rate and 
E stands for inflationary increases in operating costs 
It has later on become an institution in real estate that a simple linear difference 
equation exists between the change in rents and the difference between the actual and 
natural vacancy rate, i.e. 
 
][ 101 −− −=− ttt VtmRR           (Equation 3.11) 
Yet, Wheaton and Torto (1995) find that there actually lacks any theoretical 
justification for this common belief. 
Rosen and Smith (1983) modify the model by Eubanks and Sirmans (1979). They use 
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the data of housing market of 17 cities in the United States and examine the 
relationship between the changes in rent and the excess supply or demand. Rosen and 
Smith (1983) use 3 sets of equation to examine the relationship and the first equation 
considers the demand for rental housing. 
 
],,,,[ ZPYURfD =           (Equation 3.12) 
where 
D represents demand for rental housing 
R stands for rent per unit of housing service 
U stands for user cost of homeownership 
Y stands for the real income per household 
P stands for the price level and  
Z stands for demographic variables 
After looking at the demand, the second equation considers the ratio of number of 
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vacant space to supply, i.e. the vacancy rate. Assuming that the supply for rental 
housing is stable in the short-run, the vacancy level is estimated as the difference 
between supply and demand for rental housing. The second equation concerning 
vacancy rate is shown. 
 
]},,,,[)1{(1 ZPYURd
SS
VLV −==        (Equation 3.13) 
where 
VL stands for vacancy level 
V stands for vacancy rate and 
S stands for supply for rental housing 
In the third equation, Rosen and Smith (1983) include the operating expenses 
variables in the rental adjustment mechanism. They estimate the natural vacancy rate 
to be a constant over the estimation period. 
 
[ ]VVNErR −∆=∆ ,           (Equation 3.14) 
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where 
R∆  stands for the change in nominal rents 
r stands for function of the equation 
E∆  stands for the change in total operating expense 
VN stands for the natural vacancy rate and 
V stands for actual vacancy rate 
The result shows that there is a close relationship between the changes in rent and the 
demand and supply. Vacancy rate is a significant variable, at 95% confidence level in 
explaining the change in rent. Rosen and Smith (1983) conclude that vacancy rate is a 
suitable variable in explaining the price adjustment for rental market. 
The models by Eubanks and Sirmans (1979) and Rosen and Smith (1983) differ in 
terms of how the excess demand or supply is represented. Eubanks and Sirmans (1979) 
define the excess demand or supply by the prevailing vacancy rate, while Rosen and 
Smith (1983) define the excess demand or supply by the deviation of the prevailing 
vacancy rate from the natural vacancy rate.  
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Hekman (1985) examines the rental price adjustment mechanism and investment 
response in the office construction market. Using the data of class A office structures 
of fourteen cities in the United States over the period 1979 to 1983, he argues that 
office market rents adjust in response to both local and national economic conditions. 
He considers that a model estimated at the national level will provide an accurate 
picture of the determinants of office investment only if the variables included are all 
moving in the same direction for each of the individual office markets. Yet, it is 
obvious that the above do not hold. The growth rate of demand for office spaces differ 
markedly from cities to cities, depending much on the cities’ size due to the different 
composition and growth in employment. In his proposed model, the equilibrium rent 
is given as a function of the current observed vacancy rate and three demand measures, 
the gross national product, the employment rate and the local unemployment rate, i.e. 
 
εβββββ +++++= UEYVR 43210        (Equation 3.15) 
where 
R stands for rent per square foot 
V stands for vacancy rate 
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Y stands for gross national product 
E stands for total employment 
U stands for local unemployment rate 
iβ  stands for constants and 
ε  stands for random disturbance term 
Since Y, E and U are demand measures, changes in V will be due to shifts in the 
exogenous supply schedule. Therefore he expects that the effect of changes in the 
vacancy rate on rent will be negative. Thus, the rental price-adjustment mechanism is 
a response to excess supply in the market at any time and the interaction of that 
supply with current demand. The results show a significant response of 
constant-dollar rent to the vacancy rate. The elasticity of rent with respect to vacancy 
is -0.08, i.e., a doubling of vacancy rate will lower real rental rates by 8%. The high 
elasticity of rent with respect to real GNP illustrates the cyclical nature of the office 
market. The employment variable indicates that rents increase about one-fifth as fast 
as city size. The result for local unemployment is insignificant and has the wrong sign. 
Hekman (1985) explains that it was because office employment is not as cyclical as 
other sectors of the local community. 
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Wheaton and Torto (1988) develop a model which based on the response of rent to the 
difference between actual vacancy rate and the natural vacancy rate found by the trend 
line approach. In Wheaton and Torto’s rent adjustment model, they suppose that a 
given level of excess vacancy causes a specific percentage change, rather than an 
absolute change. This specification prevents rents from becoming negative during an 
extended soft market, and provides a more constant relationship with any longer run 
secular movement in rents. The initial estimating equation for the relationship 
between vacancy rates and rents is developed. 
 
( )
( ) ( )( )tVvatR
tR −=−− 11           (Equation 3.16) 
where 
( )tR   stands for real rent at period t 
( )tV   stands for vacancy rate at period t 
v  stands for the natural vacancy rate and 
a  stands for the speed of adjustment parameter 
Due to the change in market environment over the last 20 years, where stock of office 
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space increases by almost 200%, and the rapid growth of the service and financial 
sectors has transformed the office sector from one dominated by corporate 
headquarters in a few large cities, to a much broader base of tenants in many newer 
and rapidly growing areas, tenant turnover has increased, and the average length of 
lease has shortened. Wheaton and Torto (1988) notice that with this situation, the 
natural vacancy rate, which is necessary to support normal operation of the market, 
has likely been increased. Trending natural vacancy rate is introduced into the 
estimation equation. 
 
( )
( ) ( )( )tVctbatR
tR −+=−− 11          (Equation 3.17) 
where b and c are constants 
Visual inspection of the resulting graph plotted suggests a strong rental adjustment 
mechanism. When actual vacancy rate was above average, real rents will be falling 
and vice versa. Several equations are estimated, the equation’s fit decreased when a 
one-year lag on the vacancy rate is used. Thus, Wheaton and Torto (1988) conclude 
that it is current and not past vacancy rate that induced rental changes. They also use 
the model to forecast the rental rates. Two important assumptions are produced which 
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include the estimation of direction of the trend of natural vacancy rate and the 
assumption of inflation, which is needed in converting real rents to nominal rents. Yet, 
the assumption of direction of the natural vacancy trend line is shown to be incorrect 
in Chapter 6 – result and analysis. 
Wheaton and Torto (1995) utilize a new source of leasing data to create for the first 
time, a set of carefully documented office market rent indices. They then use the 
indices to examine the existence of the relationship between vacancy and rental 
inflation. Herculean task of constructing a rental index over time is attempted. 
Wheaton and Torto (1995) value the lease terms through a hedonic equation and 
create a lease index with constant lease terms. The hedonic equation estimated for 
each metropolitan area is of semi-log form. 
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 (Eq. 3.18) 
where 
R  represents total consideration/sq ft/year 
SQFT represents square ft of lease 
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TERM represents length of lease (years) 
HIGH is a dummy variable which =1 if +5 storey, =0 otherwise 
NEW1 is a dummy variable which =1 if new building, =0 if existing 
NEW2 is a dummy variable which =1 if building built for tenant, =0 if not 
GROSS1 is a dummy variable which =1 if lease is gross rent, =0 if not 
GROSS2 is a dummy variable which =1 if lease gross with taxes passed through, and 
=0 if not 
iD  is a dummy variable for each year (i=1979, 1991) 
jS  is a dummy variable for each Submarket code (j=1,n) and 
a, b and d are estimated statistical parameters 
Wheaton and Torto’s (1995) previous research argue that vacancy rates can explain 
rental movements over a longer time period. Assumption that a simple linear 
difference equation exists between the change in rents and the difference between 
excess vacancy and natural vacancy is made. Wheaton and Torto (1995) argue that all 
the empirical studies of rental adjustment treat the linear relationship as an 
CHAPTER 3  LITERATURE REVIEW  PAGE 45 
 
 
independent equation which described only how owners and tenants agree upon rents, 
is highly flawed. They suggest a modified simple rent-adjustment model. 
12110
*
−− ++= tt VtAttR           (Equation 3.19) 
[ ] [ ]1121101*1 −−−−− −++=−=− tttttt RVtAttmRRmRR     (Equation 3.20) 
where *R  is the equilibrium level of rent that will prevail when expected leasing 
times are determined by tenant flow rates (A) and vacancy (V). The results show that 
the coefficients for both lagged rent and the absorption rate are highly significant. 
This modified equation is found to be universally superior over the traditionally 
accepted equation with a significant increase in R2 in the modified equation. 
Sivitanides (1997) extends the traditional rent adjustment specification to account for 
an intertemporally variable natural vacancy rate. He suggests that the natural vacancy 
rate may vary both through time and across markets. 
In his model, Sivitanides (1997) accounts for the intertemporal variability of the 
natural vacancy rate by including an additional independent variable that presumably 
affects the natural vacancy rate through time. This is an improvement over Wheaton 
and Torto’s model that the natural vacancy rate is not considered as a function of time, 
but as a function of a vector of variables that may be causally linked with its potential 
CHAPTER 3  LITERATURE REVIEW  PAGE 46 
 
 
fluctuation through time. 
 
( ) ( )[ ]mtmt VXbbtRR −− −+= 10* α         (Equation 3.21) 
( ) mtmt VcXcctRR −− −+= 210*         (Equation 3.22) 
where 
mtXbb −+ 10  stands for natural vacancy rate, nV  
mtX −   stands for vector of variables intertemporally affecting the natural 
vacancy rate 
m   stands for the time lags and 
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Optimal inventory theory is applied in the study. Thus, the natural vacancy rate should 
fluctuate through time depending on landlord’s perceptions of market strength. Apart 
from the natural vacancy rate, absorption rate is also taken into account. Therefore, 
the vector X includes predictors of the natural vacancy rate as office space absorption, 
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office employment growth, completions and changes in vacancy.  
The dependent variable in the equation is the semi-annual real change in time-series 
rent indices that are developed for each city through hedonic analysis. With year (Y) 
during which the lease was signed, term of the lease agreement (L), square feet 
covered by the lease (S), base contract rent (R), height (H) of building, and the zip 
code location of the building (Z), a hedonic equation is estimated for finding out the 
rents for each of the twenty-four markets that are investigated.  
 
nniiii YbYbZbZbHbSbLbbR +++++ +++++++++= 41144143210 ......loglog   
(Equation 3.23) 
where Z and Y represent zip code and year dummies respectively. 
The results show that office space absorption and the office employment growth have 
a positive effect on natural vacancy rate. While for completions and changes in 
vacancy, the results show that there exist a negative relationship between them and the 
rent change. The results also indicate that the model accounting for an intertemporally 
variable natural vacancy rate may be more powerful than the traditional model in 
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explaining office rent changes through time. The implications of these findings are 
contradicting with the conventional assumption of an intertemporally constant natural 
vacancy rate. It concludes that variations in the natural vacancy rate though time are 
not always best captured by the same group of variables. Examples are given in the 
study of Sivitanides (1997) which show that natural vacancy rate are best captured by 
absorption in Atlanta, by employment growth in Boston and by change in vacancy in 
Chicago. Besides, the results show that the effect of time lags is not the same in 
different areas. Landlords in different markets are able to respond to excess vacancies 
at different speed. The rate of rental adjustment is also found to be different in 
different cities in the research. It ranges from 0.24 in Phoenix to 1.32 in Atlanta. 
Upon looking at various locational specific models, it can be expected that there will 
be different outcomes if the models are modified. Tests and trials are needed to find 
out the most suitable factors for the rental adjustment model in Hong Kong.
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CHAPTER 4 
HYPOTHESES 
 
Rental adjustment has been an area of concern over the past 30 years; lots of 
researches have been carried out overseas, especially in U.S. and Australia. From the 
literatures, different determinants of rent and various models are suggested. Yet, there 
seem few researches and justifications of those rent adjustment models in Hong Kong. 
In view of this, several hypotheses will be developed in this chapter to look at the rent 
adjustment process in Hong Kong. 
Most of the literatures suggest that there exists a relationship between office rentals 
and vacancy rates. It is also believed that similar to the demand and supply theory, 
vacancy rate increases will lead to a decrease in the rental prices. Yet, Hosier (1994) 
challenges and proves that vacancy levels are not as important as it is generally 
assumed in determining rents. Then, is there really a relationship between vacancy 
rates and office rental? The first hypothesis aims to test that there exists a relationship 
between vacancy rate and office rentals in Hong Kong. 
The second hypothesis of this study focuses on the rent adjustment model. It has been 
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suggested by Voith and Crone (1988) and Sivitanides (1997) that the extent of 
influence of different determinants on rents is not the same in different locations. Thus, 
each location should have their own unique set of determinants and treatment of 
determinants in adjusting rentals. Such research mainly focuses on the difference 
across different cities in the United States. Thus, it is believed that it is hardly possible 
to apply the models in the literature into Hong Kong. More rent determinants are 
suggested based on the literature. The determinants chosen are macro economic 
factors rather than micro factors. These determinants are then tested in the preliminary 
rent adjustment model. The more relevant determinants, relative to the office market 
in Hong Kong, are chosen to form the rental adjustment model in Hong Kong. The 
second hypothesis is to show that there is a unique set of rent determinants in Hong 
Kong due to the locational difference between places. 
Lastly, it is a common concept that natural vacancy rate plays an important role in the 
rental adjustment process. According to some of the literature concerning rent 
adjustment process, rental adjustment is relevant to the difference between the actual 
vacancy rate and the natural vacancy rate rather than just the actual vacancy rate. The 
natural vacancy rate in Hong Kong can be found by one of the 3 methods suggested 
by Shilling et al. (1992), Wheaton and Torto (1988) and Voith and Crone (1988). 
Using one of these methods to obtain the natural vacancy rate, the third hypothesis is 
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that the difference in actual and natural vacancy rate found is one of the determinants 
in the rental adjustment process in Hong Kong.
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CHAPTER 5 
METHODOLOGY 
 
In order to study the office market in Hong Kong, several determinants of rent are 
listed. Among them, focus will be put on the relationship between vacancy rates and 
office rental. To find out if there exists a relationship between them, graphs will first 
be plotted to study their trends. Then, by the use of regression models, the relationship 
of vacancy rates and office rental, and the relationship of the suggested rent 
determinants and the office rental will be studied. All the regression process, except 
the ARMA model which is regressed by EView, will be run by the program SPSS 
(Statistical Product and Service Solutions) version 11.5.  
To test the effect of natural vacancy rates have on rental adjustment process, 3 
methods of estimating the natural vacancy rates by Shilling et al. (1992), Wheaton 
and Torto (1988) and Voith and Crone (1988) will be presented. The natural vacancy 
rate found will then be used to test the third hypothesis. 
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5.1  Data collection 
Data are collected from various sources. Yet, in order to maintain its consistency, all 
the data is collected from HKSAR government departments, except the part for future 
projection of the relationship between vacancy rates and office rentals, where the 
vacancy rate is obtained from the Jones Lang LaSalle database. Vacancy rates and 
office rental price index from 1980 to 2002 are collected from the Property Review of 
the Rating and Valuation Department; the sector employment and overall 
unemployment rates are obtained from the Hong Kong Monthly Digest of Statistics 
from the Census and Statistics Department. The gross domestic product (GDP), sector 
GDP and implicit GDP deflator index are obtained from the Gross Domestic Product, 
2002 by the Government of the HKSAR. The best lending rates are obtained from the 
Quarterly Bulletin, Hong Kong Monetary Authority (HKMA). 
Since one of the objectives is to analyze the past cycles of rental and vacancy rate, in 
order to capture a better picture of the trend, it is considered that a longer period of 
data should be collected and studied. However, since not all data are available for 
such a long period, focus would be put onto the past 23 years, which is 1980 to 2002. 
Besides, since there is no quarterly or half-yearly data for vacancy rate and GPD from 
the government, annual data is used instead. For the office rental, since there was a 
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change in definition of the office grading in 1982 and there existed no office rental 
index for different grades of office in the early 80s, overall rental index is used. 
One factor, the quarterly overall vacancy rates, is obtained from the Jones Lang 
LaSalle database. Since projection of the most current and coming time lag 
relationship is looked at, and due to the lack of quarterly data from the Rating and 
Valuation Department, data from private company is adopted. 
The data collected are overall data in Hong Kong without locational factors. There 
will not be studies on specific districts in Hong Kong since consistency of data is to 
be kept. Due to resource limitation, locational data of employment rate and GDP 
cannot be obtained. In order to maintain consistency, locational effect for all data is 
thus discarded.  
 
5.2  Analysis 
Existence of relationship between vacancy rates and office rental will be examined 
first. Graphs of actual vacancy rates vs. real office rental rates, of no time lag and of 
one to four years time lags are plotted.  
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Regression models will be built. Linear regression will be assumed and modification 
will be done after testing the linear model, say by semi-log model. The dependent 
variable will be the deflated real rental rates of the office sector, while the proposed 
independent variables to be tested include interest rates (the best lending rates), 
year-end stock, annual supply and demand of office, occupied space, consumer price 
index, overall GDP, sector GDP, overall unemployment rates, sector employment rates 
and vacancy rates. Several models will be presented showing the effects of varying 
the time lags between vacancy rates and the office rental index.  
For the natural vacancy rates, it will be found from the models identified from the 
literature. After calculating the natural vacancy rates in Hong Kong, it will be put into 
the rental adjustment model and its relationship with office rental will be studied. 
 
5.3  Models for rent adjustment in Hong Kong 
There are many literatures working on models for rent adjustment, most of them are 
in the United States. As mentioned earlier, since one of the applications of these 
models depends on the location, Voith and Crone (1988) and Sivitanides (1997) 
suggested that across different states in the United States, determinants in the 
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adjustment models should be different. Thus, it is worthwhile to see that if the model 
from the literature can be applied into the office market in Hong Kong. There are two 
main types of rental adjustment models, one focusing on the micro factors, like 
locations, level, view of premises etc, while the other one looks at the economic 
activities in the market, which will be the focus in this research.  
In formulating the model for the office market in Hong Kong, reference will be made 
to the one focuses on economic activities. After looking at the previous models, the 
more relevant and applicable determinants are extracted and they will be run in a 
regression model using stepwise method. The variables include overall and sector 
gross development product, unemployment rate and sector employment rate, vacancy 
rate, interest rate, overall year-end stock, overall annual supply, overall annual 
demand, occupied space and change in consumer price index. The most significant 
variables are spotted and applied into the model for Hong Kong. 
 
5.3.1 The dependant variable 
5.3.1.1 Rental index 
The real rent rates will be used as the dependant variable in the models which do not 
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contain the independent variable of interest rate. It is used instead of nominal rent in 
order to show a true and clearer picture of how the rental mechanism works and how 
it is affected by the determinants. To obtain the real rent rates, factor of inflation or 
deflation should be removed and it is done by deflating the nominal rent by the 
implicit GDP deflator. 
 
t
t
t GDPD
NR
R =             (Equation 5.1) 
where: 
Rt  represents real rent at time t 
NRt  represents nominal rent at time t 
GDPDt represents implicit GDP deflator at time t 
On the other hand, nominal rental index will be used in models which involve interest 
rate as one of the independent variables. Real rent rate is not used since it is found that 
real prime rate is not a suitable factor due to its close correlation with vacancy rate, 
thus, to maintain consistency of data, non-deflated data will be used. 
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For the methods of converting the nominal rental index into real rent rates, the 
procedures will be shown in the following session. 
 
5.3.1.2 Data treatment 
The office rental index from the Rating and Valuation Department is calculated on net 
basis which have excluded management fees, rates and other charges.9 
Due to the difference in base index of the overall office rental index in Hong Kong, 
which are either based on 1979, 1989 or 1999, all the office rental indexes are 
converted into the base index where 1999 = 100. 
The conversion process will be done by finding out the ratio between these indexes. 
Table 5.1 shows the office rental index with base 1999 = 100. 
 
 
                                                 
9 Technical Notes. Rating and Valuation Department (2002) Hong Kong Property Review. Hong Kong: 
the government 
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Table 5.1 Office rental index with base 1999 = 100 10 
Year
Overall rental index    
(base 1999 = 100) 
1980 46 
1981 64.5 
1982 63.3 
1983 48.8 
1984 43.4 
1985 43.4 
1986 51.5 
1987 65 
1988 82.7 
1989 135.5 
1990 136.9 
1991 126.6 
1992 136.8 
1993 149.9 
1994 181.8 
1995 178.6 
1996 152.3 
1997 156.8 
1998 135.9 
1999 100 
2000 98.4 
2001 101 
2002 85.5 
 
 
 
                                                 
10 Rating and Valuation Department (1980 to 2002) Hong Kong Property Review. Hong Kong: the 
government 
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After changing all the rental indexes into the same base, since these data are nominal 
rents, they will then be transformed into real rent rate through the implicit GDP 
deflator. 
The implicit GDP deflator is a measure of the overall price change in the economy in 
Hong Kong. It varies from year to year and the base index of the data is transformed 
to 1999 = 100. In table 5.2, it shows the implicit GDP deflator for 1980 to 2002 and 
the conversion of nominal rents to real rent rates. 
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Table 5.2 Implicit GDP deflator and conversion of nominal rents to real rent rates from 
1980 to 2002. 
Year 
Overall nominal rental 
index (base 1999 = 100) 
Implicit GDP 
Deflator11 (base 1999 
= 100) 
Overall Real Rental Index
1980 46 45.7 1.0066 
1981 64.5 50.4 1.2798 
1982 63.3 55.3 1.1447 
1983 48.8 57.8 0.8443 
1984 43.4 63.4 0.6845 
1985 43.4 66.8 0.6497 
1986 51.5 69.4 0.7421 
1987 65 75.6 0.8598 
1988 82.7 82.8 0.9988 
1989 135.5 93 1.4570 
1990 136.9 100 1.3690 
1991 126.6 109.2 1.1593 
1992 136.8 119.8 1.1419 
1993 149.9 130 1.1531 
1994 181.8 139 1.3079 
1995 178.6 142.5 1.2533 
1996 152.3 150.9 1.0093 
1997 156.8 159.7 0.9818 
1998 135.9 160.4 0.8473 
1999 100 152.2 0.6570 
2000 98.4 142.3 0.6915 
2001 101 139.6 0.7235 
2002 85.5 135.5 0.6310 
 
 
                                                 
11 Hong Kong Census and Statistic Department ( 2002) Gross Domestic Product. Hong Kong: the 
Government 
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5.3.2  The independent variables 
5.3.2.1 Vacancy rate (Actual vacancy rate) 
Overall vacancy rate is used due to the unavailability of data from different office 
grades. The rate is obtained from the Rating and Valuation Department which: 
Vacancies for rated non-domestic premises completed prior to the review 
year are based on requisitions issued to some 73% of such properties for the 
purpose of the General Revaluation. The remaining properties were either 
owner-occupied or held on leases expiring beyond the period under review. 
The returned requisitions were analyzed and those reported vacant were 
checked to ensure that they were still vacant at the year end.12 
The data for vacancy rates will be tested with no-time-lag, one-year-lag, two-year-lag 
and three-year-lag to find out its relationship with the real rent rates and to find out at 
which time lag, the rental index is affected most by the vacancy rate. Since different 
time lags are tested, office vacancy rate from 1977 to 2002 are obtained so that the 
relationship between the lagged vacancy rates and office rental from 1980 to 2002 can 
still be observed. The data are shown in the table 5.3. 
                                                 
12 Technical Notes, The Property Review, The Rating and Valuation Department, HKSAR 
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Table 5.3:  The actual vacancy rate from 1977 to 2002 13 
Year Actual Vacancy Rate
1977 13.1 
1978 6.5 
1979 3.6 
1980 8.3 
1981 11.0 
1982 17.6 
1983 20.6 
1984 13.0 
1985 11.1 
1986 6.0 
1987 5.5 
1988 2.7 
1989 5.3 
1990 6.1 
1991 9.2 
1992 9.7 
1993 6.7 
1994 9.8 
1995 9.4 
1996 11.2 
1997 11.5 
1998 15.9 
1999 14.0 
2000 10.2 
2001 11.1 
2002 12.6 
This set of data will also be used when investigating the natural vacancy rate in Hong 
Kong. 
                                                 
13 Rating and Valuation Department, (1978 – 2002) Hong Kong Property Review. Hong Kong: the 
Government 
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For studying the trend of the relationship between vacancy rate and office rentals, 
quarterly overall vacancy rate from 4th quarter 2000 to 4th quarter 2003 are obtained 
and shown in Table 5.4. 
 
Table 5.4 The actual vacancy rate from 4th quarter 2000 to 4th quarter 2003 14 
 
Actual Vacancy rate 
(%) 
Q4 2000 6.5 
Q1 2001 7 
Q2 2001 6.5 
Q3 2001 6.7 
Q4 2001 7.3 
Q1 2002 7.1 
Q2 2002 8.2 
Q3 2002 8.6 
Q4 2002 9.1 
Q1 2003 9.3 
Q2 2003 11 
Q3 2003 11 
Q4 2003 10 
 
5.3.2.2 Interest rate 
Due to the need for consistency, annual data is used. Figures are obtained from 
                                                 
14 Source: Jones Lang Lasalle database 
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Quarterly Bulletin: HKMA and they are translated into annual data. The interest rate 
here is also referred to as the best lending rate and they are shown below in table 5.5.  
 
Table 5.5  The interest rate from 1980 to 2002 15 
Year Interest Rate 
1980 13.63 
1981 17.49 
1982 14.18 
1983 12.32 
1984 12.51 
1985 8.17 
1986 7.05 
1987 6.59 
1988 7.90 
1989 10.54 
1990 10.46 
1991 9.41 
1992 7.32 
1993 6.50 
1994 7.26 
1995 8.95 
1996 8.52 
1997 8.83 
1998 9.94 
1999 8.49 
2000 9.22 
2001 7.00 
2002 5.11 
                                                 
15 Hong Kong Monetary Authority (various issues) Quarterly Bulletin, Hong Kong: The Hong Kong 
Monetary Authority 
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As mentioned above, since there exists a strong correlation between real prime rate 
and vacancy rates, non-deflated interest rate will be used in the model with nominal 
rents for consistency of data. 
 
5.3.2.3 Gross Domestic Product (GDP) 
Both the overall GDP and sector GDP are obtained. The sector chosen is the financing, 
insurance, real estate and business services sector. This sector is chosen since among 
all the sectors, it is related to the demand of office spaces to a greater extent while for 
the other sectors, there may be no or minimal effects. 
For overall GDP, it is 
a measure of the total value of production of all resident producing units of a 
country or territory in a specified period, before deducting allowance for 
consumption of fixed capital.16 
 
                                                 
16 Technical Notes. The Census and Statistics Department (2002), The Monthly Digest of Statistic. 
Hong Kong: the Government  
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While for sector GDP, it is the GDP of different sectors distinguished by economic 
activities.  
In presenting GDP by economic activity, GDP is equal to the sum of value 
added of respective economic activities plus taxes on production and imports 
plus statistical discrepancy.17 
Both models for the change in GDP and sector GDP will be shown and compared. 
Change in sector GDP is not adopted due to the lack of relevant data before 1980 
which is needed for calculating the change in sector GDP in 1980. In order to capture 
as many data as possible, sector GDP is used instead. The data for change in GDP and 
sector GDP are shown in Table 5.6. 
 
 
 
 
 
                                                 
17 Technical Notes. The Census and Statistics Department (2002), The Monthly Digest of Statistic. 
Hong Kong: the Government 
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Table 5.6:  The change in GDP and the sector GDP from 1980 to 2002 
Year Change in GDP18 Sector GDP19 
1980 10.05 22.90 
1981 9.20 23.80 
1982 2.80 22.60 
1983 5.80 17.90 
1984 10.00 15.90 
1985 0.50 16.30 
1986 10.80 17.30 
1987 13.00 18.20 
1988 8.00 19.20 
1989 2.60 19.80 
1990 3.70 20.80 
1991 5.60 22.70 
1992 6.60 24.20 
1993 6.30 25.70 
1994 5.50 26.80 
1995 3.90 24.40 
1996 4.30 25.20 
1997 5.10 26.20 
1998 -5.10 24.20 
1999 3.40 23.40 
2000 10.20 23.70 
2001 0.60 22.50 
2002 2.30 21.90 
 
5.3.2.4 Employment 
From the literature, Hekman (1985) suggests that total employment and local 
                                                 
18 Hong Kong Census and Statistic Department. 2002 Gross Domestic Product. Hong Kong: SAR 
Government 
19 Ibid 
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unemployment rate is one of the determinants of office rents. Giussani et al (1992) 
also suggests that one of the demand variables for office rent determination is the rate 
of office employment in the service sector. Wheaton (1987) shares similar views with 
Hekman (1985) and Giussani et al (1992) and considers the employment growth as 
one of the variables in the rental adjustment processes. 
Both the unemployment rates and sector workforce are obtained. The sector is 
referred to the financing, insurance, real estate and business services sector. Due to 
the advance in technology, the effect of number of workforce on office space may not 
be the same as expected, i.e., the larger the number, the more the space needed. For 
example, some estates agents do not often go back to office or they do not even need 
an office space for their work. Beside, there is the introduction of flexible office 
concept in recent years which may affect the results. Since the effect of the 
abovementioned is unknown, both the overall unemployment and sector employment 
will be tested in the model. Unemployment rate, instead of the work force 
participation rate is used since when using economic activities as factors affecting the 
model, it is considered that unemployment rate is a commonly used figure to reflect 
the economy in Hong Kong. Yet, sector unemployment rate is not used since it is 
calculated based on the people who have been engaged in the sector and the accuracy 
of the data is questionable when compared to the sector employment rate. Thus, sector 
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employment rate is applied instead. The data for overall unemployment rates and 
sector employment rates are shown in Table 5.7. 
Table 5.7:  Overall unemployment rate20 and sector employment rate21 from 1980 
to 2002 
Year Overall Unemployment Rate Sector Employment Rate 
1980 3.53 5.66 
1981 3.90 6.22 
1982 3.60 6.65 
1983 4.50 6.36 
1984 3.90 6.50 
1985 3.20 6.88 
1986 2.80 7.20 
1987 1.70 7.78 
1988 1.40 8.52 
1989 1.10 9.26 
1990 1.30 10.07 
1991 1.80 10.57 
1992 2.00 13.79 
1993 2.00 14.88 
1994 1.90 15.71 
1995 3.20 16.25 
1996 2.80 16.69 
1997 2.20 17.93 
1998 4.70 18.37 
1999 6.30 18.45 
2000 5.00 18.93 
2001 5.10 18.98 
2002 7.30 19.51 
                                                 
20 Census and Statistic Department (various issues), The Monthly Digest. Hong Kong: the Government 
21 Census and Statistic Department (various issues), The Monthly Digest. Hong Kong: the Government 
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5.4  Natural vacancy rate 
Shilling and colleagues (1987) and Rosen and Smith (1983) estimate that natural 
vacancy rate is a constant figure with time. Wheaton (1988) suggests that natural 
vacancy rate is not a constant and it varies with time. He suggests a linear trend line 
method, which uses the plotted linear trend line on the actual vacancy rate curve to 
estimate the natural vacancy rate. Voith and Crone (1988) put forth another model to 
estimate the natural vacancy rates using a simple econometric model. Equations based 
on Shilling’s, Wheaton’s and Voith and Crone’s model will be tested to find out the 
natural vacancy rate in Hong Kong and see whether they have any effect in the office 
rental adjustment model. 
 
5.4.1  Constant natural vacancy rate model 
Rosen and Smith (1993) estimate the natural vacancy rate to be a constant with time. 
The model is shown as follows, 
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VbEbbR 210 −+=            (Equation 5.2) 
where  
R is the rate of change in rents 
E is the rate of change in total operating expenses 
V is the observed vacancy rate 
nVbb 20 =  and  
11 ≈b  
nV  can be estimated if the natural vacancy rate is assumed to be constant. 
 
5.4.2  Dynamic natural vacancy rate models 
5.4.2.1 Trend line model 
This method is suggested by Wheaton (1988). This approach makes use of the actual 
vacancy rate data collected. A graph of actual vacancy rate is plotted and a trend line 
of the graph is drawn. By the equation of the trend line, the natural vacancy rate can 
CHAPTER 5  METHODOLOGY  PAGE 73 
 
 
be found. The simple trend line estimation is, 
 
ctbVN +=             (Equation 5.3) 
where 
VN  stands for value of natural vacancy rate at time t 
b and c  stand for 2 constants and  
t   represents time 
 
5.4.2.2 ARMA model 
Voith and Crone (1988) establish a simple econometric model, and by an 
autoregressive process, natural vacancy rates are tracked. The model is shown as 
follows, 
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itiitV εα +=             (Equation 5.4) 
itttiiit µβερε ++= −1,           (Equation 5.5) 
where 
itV   stands for the observed vacancy rate for market i in period t 
iα   stands for a market-specific natural vacancy rate in period 1 
itε   stands for the deviation from that equilibrium vacancy rate 
iρ   stands for the persistence of the deviation for market i  
tβ   stands for a time-specific component of the office vacancy rate that affects 
all market equally 
itµ   stands for a market-specific shock with a zero mean and 
ii βα +   stands for the market-specific natural vacancy rate for market i in period t 
with 0=tβ  at t =1. 
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Combining equation 5.4 and equation 5.5 would give: 
( ) ittiitiiit VV µρβρα +++−= −1,1        (Equation 5.6) 
With interactive regression, it becomes: 
( ) 1,
121
1 −
===
∑∑∑ ++−= tiiN
i
it
T
t
tii
N
i
iit VDMDV ρβρα      (Equation 5.7) 
where 
iD  is an N-vector of dummy variables that =1 if city = i, 0 otherwise 
tM  is a (T-1) vector of dummy variables that =1 if time = t, 0 otherwise, with the 
dummy variable for t = 1 is omitted. 
This model will be run by the E-View program and to find out the natural vacancy 
rate in Hong Kong. 
The above three methods suggested will be used to estimate the natural vacancy rates 
in Hong Kong. The results will be compared and the most reasonable one will be 
adopted to further carry on the rental adjustment process.  
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5.5  Summary of variables and expected results 
The table below summarizes the variables and their expected results. 
Table 5.8  Summary of variables and expected results. 
    Expected signs 
Dependent variables Real rental rates  
 Rental Index 1999  
  ln (Real rental rates)  
 ln (Rental Index 1999)  
Independent variables Interest rates + 
  Overall Unemployment rates - 
  Sector employment rates + 
  Overall Gross Domestic Product change + 
  Sector Gross Domestic Product + 
  Actual vacancy rate - 
  Actual vacancy rate (1-year lag) - 
  Actual vacancy rate (2-year lag) - 
 
Difference between actual and natural 
vacancy rate (1-year lag) 
- 
 Year-end stock - 
 Annual supply - 
 Annual demand + 
  Occupied space + 
 Change in consumer price index + 
CHAPTER 6  EMPIRICAL RESULT AND ANALYSIS PAGE 77 
 
 
CHAPTER 6 
EMPIRICAL RESULT AND ANALYSIS 
 
In this part, empirical analysis will be performed based on examination of the rental 
determinants discussed in previous chapters. The relative significance of these 
determinants will be tested. Regression analysis is performed to evaluate the 
relationship between office rental and the determinants, especially the relationship of 
rent and vacancy rates. 
First of all, relationship between the actual vacancy rate and the rental index will be 
studied. Follow by the regression models which include all the suggested 
determinants and see how the office rental is being affected by these determinants. 
Lastly, the natural vacancy rate in the office sector in Hong Kong will be found and 
the effect it has on the office rents will be examined. 
 
6.1  Relationship between actual vacancy rates and office rental rates 
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Data of office vacancy rates and office real rental rates have been presented in the 
previous chapter. Graphs showing the relationship of the two variables will be shown 
in (i) no time lag; (ii) with real rental rates lag behind vacancy rates by 1 year; (iii) 
with real rental rates lag behind vacancy rates by 2 years; (iv) with real rental rates lag 
behind vacancy rates by 3 years. These four graphs will be shown in Graph 6.1, 6.2, 
6.3 and 6.4 respectively. 
 
Graph 6.1  Actual vacancy rates (AVR) and real rent rates (RRR) with no time lag 
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From the graph, an inverse relationship between real rent rates (RRR) and actual 
vacancy rates (AVR) is observed, i.e. when AVR increases, RRR will drop and vice 
versa. Signs of time lag between the two variables are shown. The exact period of 
time lag will be investigated. 
 
Graph 6.2  AVR and RRR with RRR lag behind AVR by one year 
 
 
1-year-lag
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
19
81
19
83
19
85
19
87
19
89
19
91
19
93
19
95
19
97
19
99
20
01
Year
R
ea
l r
en
ta
l in
de
x
0.0
5.0
10.0
15.0
20.0
25.0
V
ac
an
cy
 ra
te
s
Overall Real Rental Index
Office Vacancy rates
CHAPTER 6  EMPIRICAL RESULT AND ANALYSIS PAGE 80 
 
 
Graph 6.3  AVR and RRR with RRR lag behind AVR by two years 
 
 
 
 
 
 
 
 
 
Graph 6.4  Graph showing AVR and RRR with RRR lag behind AVR by three years 
 
 
 
 
2-year-lag
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
19
80
19
82
19
84
19
86
19
88
19
90
19
92
19
94
19
96
19
98
20
00
20
02
Year
R
ea
l r
en
ta
l i
nd
ex
0.0
5.0
10.0
15.0
20.0
25.0
V
ac
an
cy
 ra
te
s
Overall Real Rental Index
Office Vacancy rates
3-year-lag
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From the above graphs, it can be seen that both the RRR and AVR have experienced 
cycles throughout the past 23 years. The cycle is likely to be brought by the demand 
and supply in the market as discussed in Chapter 2. The supply and demand in the 
market is in turn determined by the overall business of a corporation, the economic 
environment and the speculation activities in the market.  
For vacancy rate, again, it is the result of the forces of demand and supply. It can be 
seen that the vacancy rate cycle is shortening in recent years. For the vacancy rate 
cycle, it is mainly due to the development lag. When demand increases, the vacancy 
rate will decrease. In view of such a decrease, developer may decide to construct more 
new spaces. The period between the decreased vacancy rate and the date when new 
development is available to public is the development lag. As the new spaces are put 
into the market, the vacancy rates will increase. The cycle will continue with vacancy 
rate increased, and it will be adjusted when the market demand increases. From the 
graph, it takes 4 years, i.e. 1982 to 1986, for the vacancy rate to be adjusted; while in 
recent years, i.e. 1995 onwards, the adjustment of vacancy rate is done within a 
shorter time, making the graph more fluctuating than before. It can also be explained 
by the advance in technology that shortens the development lag. 
Wheaton and Torto (1988) and McDonald (1993) have assumed there was a 1-year 
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time lag while Hendershott (1994) has assumed a 2-year time lag. Yet, the case in 
Hong Kong may not be that simple. A time lag relationship can be identified from the 
above graphs, which shows that during different period, the time lag may be different. 
From 1980 to 1987, it can be observed that there is a two-year time lag between office 
vacancy rates and real rental index, i.e., the vacancy rate in 1982 would affect the 
office rental rates in 1984. 
While for 1988 to 2002, a one-year time lag relationship is observed between the 
vacancy rates and office rental rates, i.e., the vacancy rate in 1999 would affect the 
office rental rates in 2000. 
These results are further supported by the following models. 
 
Model 6.1  Year 1980 – 1987 (RRR lag AVR by 1 year) 
Regression 
 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 1-year lag vr(a) . Enter 
a  All requested variables entered. 
b  Dependent Variable: real rental rate 
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 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .373(a) .139 .031 .23842 
a  Predictors: (Constant), 1-year lag vr 
 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression .073 1 .073 1.289 .289(a) 
  Residual .455 8 .057     
  Total .528 9       
a  Predictors: (Constant), 1-year lag vr 
b  Dependent Variable: real rental rate 
 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 1.031 .183   5.636 .000 
  1-year lag vr -.017 .015 -.373 -1.135 .289 
a  Dependent Variable: real rental rate 
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Model 6.2  Year 1980 – 1987 (RRR lag AVR by 2 years) 
Regression 
 Variables Entered/Removed(b) 
 
Model Variables Entered 
Variables 
Removed Method 
1 2-year lag vr(a) . Enter 
a  All requested variables entered. 
b  Dependent Variable: real rental rate 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .886(a) .785 .755 .11446 
a  Predictors: (Constant), 2-year lag vr 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression .336 1 .336 25.629 .001(a) 
  Residual .092 7 .013     
  Total .427 8       
a  Predictors: (Constant), 2-year lag vr 
b  Dependent Variable: real rental rate 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 1.327 .097   13.664 .000 
  2-year lag vr -.039 .008 -.886 -5.062 .001 
a  Dependent Variable: real rental rate 
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Model 6.3  Year 1988 – 2002 (RRR lag AVR by 1 year) 
Regression 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 1-year lag 
vr(a) 
. Enter 
a  All requested variables entered. 
b  Dependent Variable: real rental rate 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .808(a) .654 .627 .16425 
a  Predictors: (Constant), 1-year lag vr 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression .662 1 .662 24.529 .000(a) 
  Residual .351 13 .027     
  Total 1.012 14       
a  Predictors: (Constant), 1-year lag vr 
b  Dependent Variable: real rental rate 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 1.602 .124   12.935 .000 
  1-year lag vr -.062 .013 -.808 -4.953 .000 
a  Dependent Variable: real rental rate 
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Model 6.4  Year 1988 – 2002 (RRR lag AVR by 2 years) 
Regression 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered 
Variables 
Removed Method
1 2-year lag vr(a) . Enter 
a  All requested variables entered. 
b  Dependent Variable: real rental rate 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .779(a) .607 .577 .17490 
a  Predictors: (Constant), 2-year lag vr 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression .615 1 .615 20.096 .001(a) 
  Residual .398 13 .031     
  Total 1.012 14       
a  Predictors: (Constant), 2-year lag vr 
b  Dependent Variable: real rental rate 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 1.552 .126   12.328 .000 
  2-year lag vr -.059 .013 -.779 -4.483 .001 
a  Dependent Variable: real rental rate 
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The above four models help to support the observation that the duration of time lag 
has changed over the past two decades. Comparing model 6.1 with 6.2, the one with 
2-year time lag has an adjusted R2 of 0.755, while the one with 1-year time lag is only 
0.031. This distinct difference, in addition to the significant t-value at 99% confidence 
level with the correct sign, strongly support that the time lag between vacancy rate 
and real rental from 1980 to 1987 is two years rather than one year. As for model 6.3 
and 6.4, investigating the time lag relationship between AVR and RRR from 1988 to 
2002, the comparatively higher adjusted R2 in the model with 1-year lag and a more 
significant t-value at 99% confidence level supports the previous findings of the 
existence of one year lag between AVR and RRR from 1988 to 2002.  
One major reason that explains the difference in time lag over the past 2 decades is 
the advance in technology which leads to shorter information time. Less time is 
needed for the release of the vacancy rates to the public for the adjustment of rent. 
Besides, the private sector, with the advance in technology, are able to produce their 
own set of vacancy rate data and they can react to the vacancy rate found and adjust 
the rental in a much shorter time. Nowadays, DTZ, Jones Lang LaSalle and CB 
Richard Ellis, all have their own set of vacancy rates data and office rental indexes of 
different grades. 
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The time-lagged relationship between AVR and RRR is consistent with the actual 
situation in the market. Companies need time to react to the market vacancy rate. 
They need time to plan for the business expansion, or, in case of rising rental, they 
need time and cost to relocate the business. Besides, most of the offices in Hong Kong 
are rented in a bounding lease which usually last for 3-year. Even if there is a great 
drop in vacancy rate at the end of the first year, due to the contractual nature of leases, 
changes in rental can only be made after lease expiration, resulting in a time lag on 
real rentals. This idea is supported by Wheaton (1987) that, when firms do move, it 
usually happens at the time of lease expiration. 
 
6.2 Relationship between vacancy rates and the proposed rent 
determinants 
After looking specifically at the relationship between AVR and RRR, the relationship 
between the proposed determinants and the nominal rental rates will then be 
investigated. 
Regression models with all the suggested rent determinants from various literatures 
are tested using the stepwise method. The result is shown below. 
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Model 6.5  Model to find out the most significant rent determinants using stepwise 
method 
Regression 
  Variables Entered/Removed(a) 
 
Model Variables Entered 
Variables 
Removed Method 
1 
SECGDP . 
Stepwise (Criteria: Probability-of-F-to-enter <= .050, 
Probability-of-F-to-remove >= .100). 
2 
1-year lag vr . 
Stepwise (Criteria: Probability-of-F-to-enter <= .050, 
Probability-of-F-to-remove >= .100). 
3 
Interest Rate . 
Stepwise (Criteria: Probability-of-F-to-enter <= .050, 
Probability-of-F-to-remove >= .100). 
a  Dependent Variable: ln 1999 rental index 
 
 
 Model Summary 
 
Model R R Square 
Adjusted 
R Square 
Std. Error of 
the Estimate
1 .895(a) .801 .790 .21718269 
2 .957(b) .916 .906 .14535469 
3 .981(c) .963 .956 .09899952 
a  Predictors: (Constant), SECGDP 
b  Predictors: (Constant), SECGDP, 1-year lag vr 
c  Predictors: (Constant), SECGDP, 1-year lag vr, Interest Rate 
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 ANOVA(d) 
 
Model   
Sum of 
Squares df 
Mean 
Square F Sig. 
1 Regression 3.421 1 3.421 72.534 .000(a) 
  Residual .849 18 .047     
  Total 4.270 19       
2 Regression 3.911 2 1.956 92.559 .000(b) 
  Residual .359 17 .021     
  Total 4.270 19       
3 Regression 4.114 3 1.371 139.903 .000(c) 
  Residual .157 16 .010     
  Total 4.270 19       
a  Predictors: (Constant), SECGDP 
b  Predictors: (Constant), SECGDP, 1-year lag vr 
c  Predictors: (Constant), SECGDP, 1-year lag vr, Interest Rate 
d  Dependent Variable: ln 1999 rental index 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 1.902 .322   5.916 .000 
  SECGDP .124 .015 .895 8.517 .000 
2 (Constant) 2.536 .252   10.053 .000 
  SECGDP .113 .010 .813 11.232 .000 
  1-year lag 
vr 
-.037 .008 -.349 -4.815 .000 
3 (Constant) 1.933 .217   8.907 .000 
  SECGDP .120 .007 .869 17.101 .000 
  1-year lag 
vr 
-.045 .006 -.422 -8.134 .000 
  Interest 
Rate 
.060 .013 .241 4.544 .000 
a  Dependent Variable: ln 1999 rental index 
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 Excluded Variables(d) 
Model   Beta In t Sig. 
Partial 
Correlation 
Collinearity 
Statistics 
            Tolerance 
1 Overall Unemployment 
Rates 
-.281(a) -3.337 .004 -.629 1.000 
  Gross Development Product -.076(a) -.683 .504 -.163 .916 
  Overall Year-end Stock .573(a) 3.656 .002 .663 .267 
  Overall Annual Supply .030(a) .264 .795 .064 .898 
  Overall Annual Demand -.134(a) -1.297 .212 -.300 .993 
  Interest Rate .106(a) .961 .350 .227 .907 
  occupied space .557(a) 3.957 .001 .692 .308 
  change in CPI .259(a) 2.930 .009 .579 .994 
  1-year lag vr -.349(a) -4.815 .000 -.760 .944 
  SECWORK -.321(a) -1.822 .086 -.404 .316 
2 Overall Unemployment 
Rates 
-.093(b) -.961 .351 -.234 .535 
  Gross Development Product -.084(b) -1.154 .266 -.277 .916 
  Overall Year-end Stock .276(b) 1.695 .109 .390 .168 
  Overall Annual Supply .096(b) 1.302 .211 .310 .870 
  Overall Annual Demand .031(b) .373 .714 .093 .778 
  Interest Rate .241(b) 4.544 .000 .751 .819 
  occupied space .266(b) 1.624 .124 .376 .168 
  change in CPI .147(b) 2.081 .054 .461 .835 
  SECWORK -.089(b) -.637 .533 -.157 .263 
3 Overall Unemployment 
Rates 
.041(c) .555 .587 .142 .439 
  Gross Development Product -.048(c) -.952 .356 -.239 .892 
  Overall Year-end Stock .032(c) .234 .818 .060 .130 
  Overall Annual Supply -.010(c) -.170 .867 -.044 .696 
  Overall Annual Demand -.012(c) -.215 .832 -.056 .755 
  occupied space .052(c) .396 .698 .102 .138 
  change in CPI .012(c) .173 .865 .045 .551 
  SECWORK .111(c) 1.081 .297 .269 .215 
a  Predictors in the Model: (Constant), SECGDP 
b  Predictors in the Model: (Constant), SECGDP, 1-year lag vr 
c  Predictors in the Model: (Constant), SECGDP, 1-year lag vr, Interest Rate 
d  Dependent Variable: ln 1999 rental index 
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The dependent variable in the above model is ln nominal rental index based at 1999. It 
is understood that there may exist many rental adjustment models with different 
combination of independent variables, yet, since vacancy rate is the focus of this 
study, the above model, using semi-log form, aims to capture the lagged vacancy rate 
as one of the independent variables in the rental adjustment model. The variables to 
be investigated include sector GDP, vacancy rate and interest rate as they are shown to 
be significantly related to the rent adjustment process. Sector work of the financing, 
insurance, real estate and business services sector is also considered since among the 
other excluded variables, it can be treated as one marginal insignificant variable. 
These four independent variables will be put into the model for rent adjustment. 
Modifications are done step by step in order to achieve the best fit one. It is believed 
that these four factors will form a unique set of rent determining factors which is 
specific for the office market in Hong Kong.  
In the above model, instead of the overall GDP and the overall unemployment rates, 
the service sector GDP and the service sector employment rates are chosen to be the 
more significant rent determinants.  
It is obvious that an increased GDP does not necessarily mean an increase trend in the 
service sector, it may be due to an improvement in particular industry; say the 
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manufacturing industry which has little relation to the take up of office space. Thus, it 
is expected that a better and closer view can be observed if service sector GDP is used 
which relate much more to the supply and demand of office spaces. 
For sector work, from studies done in the United States, it suggested that more than 
75% of the space in larger office buildings is occupied by firms in the finance, 
insurance, real estate, business or professional services (Wheaton 1986). Though it 
may not be the exact case in Hong Kong nowadays, it serves to illustrate that a better 
and closer view can be obtained if sector work instead of overall data is used in the 
model.  
The result for sector work is not significant. One of the reasons is that more people 
involved in the industry does not mean that more space is needed. There are several 
possibilities for this. Firstly, workers may be required to work in a more crowded 
space if number of workers involved is increased. Secondly, the increase in people 
involved in the industry may mean the boom of that industry only, for example, in the 
real estate industry. When the real estate industry is booming, the number of estates 
agents will increase rapidly. Obviously, the increase in number of these estate agents 
does not result in a large increase in the demand of office space since most of these 
agents do not work in offices. Industry which involve high technology and people 
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working outdoor may lead to a wrong estimate between the number of workers in the 
sector and the office spaces needed for the sector. The relationship of the number of 
establishments in the real estate group under the service sector and the number of 
workforce involved is illustrated in Graph 6.5. 
 
Graph 6.5  Relationship between real estate establishments and real estate 
employment within the services sector 22 
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22 Census and Statistic Department (various issues), The Monthly Digest.. Hong Kong: The 
Government  
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It can be seen that an increase in the number of establishment does not necessarily 
mean an increase in workforce and vice versa. For example, in 1993 to 1994, there 
was a drop in the number of establishment while the people involving in the real 
estate industry increased. Although the size of establishments has not been taken into 
account, it serves to illustrate the irregularity of the relationship between the number 
of workforce and the amount of office space needed. Lastly, it can be expected that 
there are different spatial need for different industry. An architect, who needs to look 
at various drawings, may need much more space than a valuer, whose work is mainly 
done using the computer. An increase in the number of architects will lead to a large 
increase in space occupied while an increase in the number of valuer may not have the 
same effect. Thus, the sector working force may not bear a close relationship with the 
office demand, and therefore, significant result may not be observed for this 
independent variable in the model. Wheaton and Torto (1997) have pointed out two 
explanations to this. They considered that different occupation may need different 
space for each worker; and as a factor of production, the use of office space, which in 
turn affects the demand, relies much on the rental rates. Hekman (1985) also obtains a 
result that the employment factor was insignificant and with wrong sign. His 
explanation to this is that office employment was not as cyclical as other sectors of 
the local economy which results in the unpredicted sign obtained. Nevertheless, 
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though the certainty for this variable is questionable, it does affect the RRR 
adjustment process to a certain extent when it is put with the other variables and so, it 
is still treated as one of the independent variables in the forthcoming models. 
 
Model 6.6: Model with Nominal Rental Index (NRI) as dependent variables and the 
independent variables includes the overall vacancy rates with 1-year lag, the interest 
rates, the sector GDP and the sector employment rates. 
 
Regression 
 
 Variables Entered/Removed(b) 
 
Model Variables Entered 
Variables 
Removed Method 
1 1-year lag vr, 
SECWORK, 
Interest Rate, 
SECGDP(a) 
. Enter 
a  All requested variables entered. 
b  Dependent Variable: 1999 rental index 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .858(a) .737 .675 25.53641 
a  Predictors: (Constant), 1-year lag vr, SECWORK, Interest Rate, SECGDP 
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 ANOVA(b) 
 
Model   Sum of Squares df Mean Square F Sig. 
1 Regression 31060.239 4 7765.060 11.908 .000(a) 
  Residual 11085.841 17 652.108     
  Total 42146.080 21       
a  Predictors: (Constant), 1-year lag vr, SECWORK, Interest Rate, SECGDP 
b  Dependent Variable: 1999 rental index 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) -40.472 51.723   -.782 .445 
  Interest Rate -1.883 2.964 -.119 -.635 .534 
  SECGDP 8.166 3.285 .598 2.486 .024 
  SECWORK 1.347 2.422 .153 .556 .585 
  1-year lag vr -3.099 1.650 -.293 -1.878 .078 
a  Dependent Variable: 1999 rental index 
From the results shown, the R2 and the adjusted R2 are 0.737 and 0.675 respectively. 
67.5% of the nominal rental rates adjustment can be explained by the 4 suggested 
independent variables, indicating a close relationship between the dependent and 
independent variables. Nominal rental index are found to be positively affected by 
sector GDP and sector work and negatively by 1-year-lag vacancy rates. Yet, the sign 
for interest rates is not as predicted. 
In order to eliminate the effect of difference between the variables, i.e. while some 
may be in percentage and some in numbers, semi-log model will be used. The result is 
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shown in the following part.  
 
Model 6.7: Semi-Log model used instead of linear model 
Regression 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 1-year lag vr, 
SECWORK, 
Interest Rate, 
SECGDP(a) 
. Enter 
a  All requested variables entered. 
b  Dependent Variable: ln 1999 rental index 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .909(a) .827 .786 .21765129 
a  Predictors: (Constant), 1-year lag vr, SECWORK, Interest Rate, SECGDP 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression 3.838 4 .959 20.252 .000(a) 
  Residual .805 17 .047     
  Total 4.643 21       
a  Predictors: (Constant), 1-year lag vr, SECWORK, Interest Rate, SECGDP 
b  Dependent Variable: ln 1999 rental index 
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 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 3.181 .441   7.215 .000 
  Interest Rate -.005 .025 -.031 -.203 .842 
  SECGDP .068 .028 .475 2.431 .026 
  SECWORK .031 .021 .341 1.521 .147 
  1-year lag vr -.044 .014 -.396 -3.127 .006 
a  Dependent Variable: ln 1999 rental index 
 
The R2 and the adjusted R2 are 0.827 and 0.786 respectively, which means that 78.6% 
of the nominal rental adjustment in the data set can now be explained by the factors. 
There is a strong correlation between dependent and independent variables. The 
greater explanatory power concluded that semi-log linear model is more suitable to be 
used. Thus, the semi-log model will be adopted in the coming models. 
The nominal rental indexes are positively affected by sector GDP and sector work and 
negatively by one-year lag vacancy rate. However, the sign for interest rate is not as 
predicted. The possible reason is that interest rate is fluctuating with a rather short 
cycle. Yet, to obtain consistency of the data, the interest rates are converted into 
annual data and insignificant relationship may result due to the smoothing effect. 
Besides, there was the introduction of pegged exchange rate system in Hong Kong in 
1983. The interest rate in Hong Kong is also affected by the market in the United 
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States. Thus, the interest rate may not always reflect the true market in Hong Kong, 
which leads to the insignificant and fluctuating result. 
Both the sector GDP and the lagged vacancy rate are significant at 95% or above 
confidence level in explaining the change in the NRI. Only the sector work is below 
the 90% confidence level. This insignificant result has been explained in the above 
section. 
Since it is shown previously that a time lag relationship is found between AVR and 
the RRR, and that the time lag actually changes with time, further test is carried out to 
test the applicability of the model. The following models serve to test the most 
suitable time lag between AVR and the NRI when other independent variables are 
taken into account. 
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Model 6.8  Model with Ln Nominal rental index (ln NRI) as dependent variables and 
the independent variables includes the overall vacancy rates with 2-year lag, the 
interest rates, the sector GDP and the sector employment rates from 1980 to 2002. 
 
Regression 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 2-year lag vr, 
SECWORK, 
Interest Rate, 
SECGDP(a) 
. Enter 
a  All requested variables entered. 
b  Dependent Variable: ln 1999 rental index 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .909(a) .827 .786 .21762045 
a  Predictors: (Constant), 2-year lag vr, SECWORK, Interest Rate, SECGDP 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression 3.838 4 .959 20.259 .000(a) 
  Residual .805 17 .047     
  Total 4.643 21       
a  Predictors: (Constant), 2-year lag vr, SECWORK, Interest Rate, SECGDP 
b  Dependent Variable: ln 1999 rental index 
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 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 3.663 .539   6.794 .000 
  Interest Rate -.040 .022 -.239 -1.801 .089 
  SECGDP .064 .029 .444 2.201 .042 
  SECWORK .024 .019 .265 1.255 .227 
  2-year lag vr -.043 .014 -.409 -3.129 .006 
a  Dependent Variable: ln 1999 rental index 
From the regression results, it can be seen that using a time lag of 2-year results in the 
R2 and the adjusted R2 to be 0.827 and 0.786 respectively, which means that 78.6% of 
the nominal rental adjustment can be explained by the factors. In this model, the 
interest rate is wrongly signed. The sector work, though of the expected sign, does not 
show significant relationship with the dependent variable. Only the sector GDP and 
the lagged vacancy rates are significant at the 95% confidence level. 
This coincidence that the two models of different time lags having exactly the same 
result of R2 and the adjusted R2 can be explained through the above mentioned. Since 
there is different time lag between vacancy rate and the rental index at different period 
of time, i.e. 2-year time lag in 1980 to 1987 and 1-year time lag in 1988 to 2002, the 
difference in time lags have been leveled off when the whole period, i.e. from 1980 to 
2002, is regressed at one time. Thus, a similar result for the two lagged situation is 
found. Yet, since the trend shows that the time lag between vacancy rate and the 
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rental index is shortened in recent years, in the following parts, one year time lag will 
be considered in the models. 
To better illustrate the above, the following models serve to show the difference in 
explanatory power when different time lag is applied into the model. It has been seen 
earlier that during 1980 to 1987, the time lag between vacancy rates and real rental 
rates was two years while from 1988 onwards; the time lag is one year. It is expected 
that 2 models regressing the 2 periods separately will result in a better result. The 
results of the models are shown below. 
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Model 6.9  Model with Ln Nominal rental index (ln NRI) as dependent variables and 
the independent variables includes the overall vacancy rates with 1-year lag, the 
interest rates, the sector GDP and the sector employment rates for 1980 to 1987. 
 
Regression 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 1-year lag vr, 
SECWORK, 
Interest Rate, 
SECGDP(a) 
. Enter 
a  All requested variables entered. 
b  Dependent Variable: ln 1999 rental index 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .983(a) .966 .921 .049591930 
a  Predictors: (Constant), 1-year lag vr, SECWORK, Interest Rate, SECGDP 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression .211 4 .053 21.475 .015(a) 
  Residual .007 3 .002     
  Total .219 7       
a  Predictors: (Constant), 1-year lag vr, SECWORK, Interest Rate, SECGDP 
b  Dependent Variable: ln 1999 rental index 
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 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) .480 .495   .970 .404 
  SECGDP .050 .028 .905 1.790 .171 
  SECWORK .334 .052 1.216 6.396 .008 
  Interest Rate .022 .021 .487 1.050 .371 
  1-year lag vr .003 .011 .104 .303 .782 
a  Dependent Variable: ln 1999 rental index 
 
Model 6.10 Model with Ln Nominal rental index (ln NRI) as dependent variables and 
the independent variables includes the overall vacancy rates with 2-year lag, the 
interest rates, the sector GDP and the sector employment rates for 1980 to 1987. 
 
Regression 
 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 2-year lag vr, 
SECWORK, 
Interest Rate, 
SECGDP(a) 
. Enter 
a  All requested variables entered. 
b  Dependent Variable: ln 1999 rental index 
 
 
 
 
 
CHAPTER 6  EMPIRICAL RESULT AND ANALYSIS PAGE 106 
 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .997(a) .994 .986 .020613823 
a  Predictors: (Constant), 2-year lag vr, SECWORK, Interest Rate, SECGDP 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression .217 4 .054 127.880 .001(a) 
  Residual .001 3 .000     
  Total .219 7       
a  Predictors: (Constant), 2-year lag vr, SECWORK, Interest Rate, SECGDP 
b  Dependent Variable: ln 1999 rental index 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 1.263 .245   5.148 .014 
  SECGDP .021 .007 .372 3.104 .053 
  SECWORK .322 .021 1.174 15.642 .001 
  Interest Rate .027 .004 .582 6.375 .008 
  2-year lag vr -.013 .003 -.415 -3.859 .031 
a  Dependent Variable: ln 1999 rental index 
The above result is consistent with the preliminary findings that during 1980 to 1987, 
the time lag was 2-year. When a 2-year time lag is put into the model, all the 
independent variables are significantly affecting the rental index at 95% significant 
level. The rental index is positively affected by the sector GDP, the sector work and 
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the interest rate while negatively affected by the lagged vacancy rate. All the 
independent variables are correctly signed. The model explains 98.6% of the nominal 
rental index with 0.01% chance of coincidence. Comparing with the 1-year lag model 
with adjusted R2 of 92.1%, it clearly shows that obtaining the right time lag when 
comparing vacancy rates and rental index in different periods will affect the rent 
adjustment process to a large extent. 
 
Model 6.11 Model with Ln Nominal Rental Index (NRI) as dependent variables and 
the independent variables includes the overall vacancy rates with 1-year lag, the 
interest rates, the sector GDP and the sector employment rates for 1988 to 2002. 
 
Regression 
 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 1-year lag vr, 
interest rate, 
SECGDP, 
SECWORK(a) 
. Enter 
a  All requested variables entered. 
b  Dependent Variable: ln 1999 rental index 
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 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .935(a) .875 .825 .10514 
a  Predictors: (Constant), 1-year lag vr, interest rate, SECGDP, SECWORK 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression .775 4 .194 17.517 .000(a) 
  Residual .111 10 .011     
  Total .885 14       
a  Predictors: (Constant), 1-year lag vr, interest rate, SECGDP, SECWORK 
b  Dependent Variable: ln 1999 rental index 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 2.159 .373   5.781 .000 
  SECGDP .108 .015 .971 7.011 .000 
  SECWORK .006 .017 .092 .361 .725 
  interest rate .060 .020 .365 2.961 .014 
  1-year lag vr -.048 .016 -.663 -2.968 .014 
a  Dependent Variable: ln 1999 rental index 
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Model 6.12 Model with Ln Nominal Rental Index (NRI) as dependent variables and 
the independent variables includes the overall vacancy rates with 2-year lag, the 
interest rates, the sector GDP and the sector employment rates for 1988 to 2002. 
 
Regression 
 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 2-year lag vr, 
interest rate, 
SECGDP, 
SECWORK(a) 
. Enter 
a  All requested variables entered. 
b  Dependent Variable: ln 1999 rental index 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .919(a) .844 .781 .11760 
a  Predictors: (Constant), 2-year lag vr, interest rate, SECGDP, SECWORK 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression .747 4 .187 13.498 .000(a) 
  Residual .138 10 .014     
  Total .885 14       
a  Predictors: (Constant), 2-year lag vr, interest rate, SECGDP, SECWORK 
b  Dependent Variable: ln 1999 rental index 
 
CHAPTER 6  EMPIRICAL RESULT AND ANALYSIS PAGE 110 
 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 2.341 .416   5.633 .000 
  SECGDP .104 .018 .932 5.878 .000 
  SECWORK -.002 .018 -.033 -.121 .906 
  interest rate .052 .022 .318 2.334 .042 
  2-year lag vr -.038 .017 -.527 -2.243 .049 
a  Dependent Variable: ln 1999 rental index 
From the above 2 models, the results are again consistent with the previous prediction 
that the time lag of vacancy rates and real rental rates during 1988 to 2002 was one 
year. In the model of one-year lag vacancy rate, the R2 and the R2 adjusted are 0.875 
and 0.825 respectively, while in the model of two-year lag vacancy rate, the R2 and 
the adjusted R2 are 0.844 and 0.781 respectively. The explanatory power drops by 
0.044 in the second model. In model 6.11, the interest rates, sector GDP and lagged 
vacancy rates are significant at 99% confidence level. In model 6.12, sector GDP is 
still significant at 99% confidence level, while the interest rate and the lagged vacancy 
rate are significant at 95% confidence level. The sector work is not significant in this 
model. It can be concluded that, from 1980 to 1987, by model 6.10, an increase in 
actual vacancy rate by one unit will result in a drop in nominal rental index by 41.5% 
within 2 years, while by model 6.11, from 1988 to 2002, an increase in actual vacancy 
rate will result in a drop in nominal rental index by 66.3% within 1 year. 
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One of the points that attracts attention is the sector work. As seen from model 6.10, it 
significantly affects the rental index. Yet, in model 6.11, this factor does not show any 
significant result. It can be explained with Graph 6.6 below. 
Graph 6.6  Relationship between real estate establishments and real estate 
employment within the services sector.23 
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It is possible to see that the real estate establishment and real estate employment bear 
a close trend in 1980 to 1987, i.e. the determinants, sector workforce, may truly 
reflect the demand of office space in the rent adjustment models. The two factors 
began to divert starting from 1988 and starting from 1995, the trend began to be out of 
the predicted trend with a decrease in number of workforce while an increase in 
                                                 
23 Census and Statistic Department (various issues) The Monthly Digest. Hong Kong: the Government 
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number of establishment. Thus, the sector work in the model shows the predicted and 
significant results from 1980 to 1987 while shows unpredicted and insignificant 
results from 1988 to 2002 when the number of establishment and the number of 
employment are not in close relationship. Though employment still affects the rental 
adjustment process to a certain extent, the effect may be difficult to predict. Thus, the 
number of workforce may not be an effective and reliable variable to determine real 
rental rates nowadays. As there is the advancement of technology, the rental 
adjustment models should be modified from time to time. 
As obtained from the Jones Lang LaSalle database, which contains quarterly office 
vacancy rate from 4th quarter 2000, a further time lag analysis is carried out to 
illustrate the trend of the vacancy rate factor in the rental adjustment process in the 
office market in Hong Kong. 
Model 6.13 Q4 2000 to Q4 2003 (actual vacancy rate lag rentals by 1 quarter) 
 
Regression 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered Variables Removed Method 
1 lag 1 quarter(a) . Enter 
a  All requested variables entered. 
b  Dependent Variable: rental index 1999 
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 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .910(a) .828 .811 5.1138465 
a  Predictors: (Constant), lag 1 quarter 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression 1262.335 1 1262.335 48.270 .000(a) 
  Residual 261.514 10 26.151     
  Total 1523.849 11       
a  Predictors: (Constant), lag 1 quarter 
b  Dependent Variable: rental index 1999 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 142.435 8.113   17.556 .000 
  lag 1 quarter -6.794 .978 -.910 -6.948 .000 
a  Dependent Variable: rental index 1999 
 
Model 6.14 Q4 2000 to Q4 2003 (actual vacancy rate lag rentals by 2 quarters) 
Regression 
 Variables Entered/Removed(b) 
 
Model 
Variables 
Entered Variables Removed 
Metho
d 
1 lag 2 quarters(a) . Enter 
a  All requested variables entered. 
b  Dependent Variable: rental index 1999 
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 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .844(a) .712 .680 6.1628182 
a  Predictors: (Constant), lag 2 quarters 
 
 ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression 844.426 1 844.426 22.233 .001(a) 
  Residual 341.823 9 37.980     
  Total 1186.249 10       
a  Predictors: (Constant), lag 2 quarters 
b  Dependent Variable: rental index 1999 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 135.358 10.755   12.586 .000 
  lag 2 
quarters 
-6.286 1.333 -.844 -4.715 .001 
a  Dependent Variable: rental index 1999 
From model 6.13 and 6.14, the adjusted R2 are 0.811 and 0.680 respectively, both are 
significant at 99% confidence level. It supports previous findings that with the 
advancement in technology, the time lag between vacancy rates and office rentals is 
shortened. In recent years, the time lag is shortened to 1 quarter, as shown by the 
result. Yet, it is predicted that there is a limitation on the minimum time lag between 
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vacancy rates and rental due to the time required to collect the vacancy rate data and 
analyze the market. Even though the relationship between vacancy rates and rentals 
can be studied and tracked closely and accurately, as mentioned earlier, the 
contractual nature of lease restricts the adjustment of rental. Despite this restriction, 
modifying the adjustment model is necessary to provide a better estimation of the 
rental trend, which assists much in setting the rent level when one has to lease out his 
property. Therefore, when modifying the rental adjustment model, both the choice of 
factors and the time lags between the factors and the office rentals have to be taken 
into account. 
 
6.3  The natural vacancy rates 
From the above, it has been proved that vacancy rate is a crucial factor in determining 
rents. Apart from the actual vacancy rates discussed above, there exists a natural 
vacancy rate, which is the landlord’s holding of some spaces for satisfying the needs 
of prospective tenants. 
Wheaton and Torto (1988) suggest that when the actual vacancy rate deviates from 
the structural vacancy rate, the real rental rate will change accordingly in inverse 
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relationship. The argument is expressed in the following functional form: 
 
( )tt
t
t AVRSVRf
RRR
RRR −=−
−
1
1
        (Equation 6.1) 
where  
RRRt stands for real rental rates at time t 
SVRt stands for structural vacancy rate at time t and 
AVRt stands for actual vacancy rate at time t 
Shilling and colleagues (1987) and Rosen and Smith (1983) estimate that natural 
vacancy rate is a constant figure with time. Shilling et al. (1987) suggest that 
 
AVRbbR 10 −=            (Equation 6.2) 
where  
R   stands for the rate of change in rents 
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AVR  stands for the actual vacancy rate and 
b0 = b1NVR 
After running the above model, the natural vacancy rate of Hong Kong found is 
10.968% with adjusted R2 of 0.33.  
Wheaton and Torto (1988) approximate the structural vacancy rates using a trend line 
approach from an actual vacancy rate graph. Using the above form, the structural 
vacancy rate in Hong Kong is estimated. 
Graph 6.7  Actual vacancy rate24 with linear trend line showing the natural vacancy 
rate from 1977 to 2002 
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24 Rating and Valuation Department (1978 to 2002) Hong Kong Property Review. Hong Kong: the 
Government 
CHAPTER 6  EMPIRICAL RESULT AND ANALYSIS PAGE 118 
 
 
A problem is identified with this linear trend line method that bias may exist due to 
some unexpected high (e.g. in the year 1983) or low (e.g. in the year 1988) value, 
which in turn may alter the direction of the trend line. There should be one natural 
vacancy rate at each period, yet, when a graph of actual vacancy rate from 1977 to 
1995 is plotted instead, a downward slopping trend line is found and the value of the 
natural vacancy rates found from the above two graphs are concluded in table 6.1.  
 
Graph 6.8  Actual vacancy rate25 with linear trend line showing the natural vacancy 
rate from 1977 to 1995 
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25 Rating and Valuation Department (1978 to 1996) Hong Kong Property Review. Hong Kong: the 
Government 
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Table 6.1  NVR from 1977 to 2002 
Year Period Natural Vacancy 126 Natural Vacancy 227 
1977 1 9.1906 10.8617 
1978 2 9.2606 10.6794 
1979 3 9.3306 10.4971 
1980 4 9.4006 10.3148 
1981 5 9.4706 10.1325 
1982 6 9.5406 9.9502 
1983 7 9.6106 9.7679 
1984 8 9.6806 9.5856 
1985 9 9.7506 9.4033 
1986 10 9.8206 9.221 
1987 11 9.8906 9.0387 
1988 12 9.9606 8.8564 
1989 13 10.0306 8.6741 
1990 14 10.1006 8.4918 
1991 15 10.1706 8.3095 
1992 16 10.2406 8.1272 
1993 17 10.3106 7.9449 
1994 18 10.3806 7.7626 
1995 19 10.4506 7.5803 
1996 20 10.5206 - 
1997 21 10.5906 - 
1998 22 10.6606 - 
1999 23 10.7306 - 
2000 24 10.8006 - 
2001 25 10.8706 - 
2002 26 10.9406 - 
 
                                                 
26 adopted from graph 5.6 (1977 to 2002) 
27 adopted from graph 5.7 (1977 to 1995) 
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It can be seen that the R2 in both cases are very small of only 0.016 and 0.0506. 
Different natural vacancy rates result for the same period of time which clearly shows 
that this linear trend line estimation method is not desirable. Although the trend line 
itself has some predictive power, it can be foreseen that the direction of the trend line 
is very much depend on the amount of actual vacancy rates in hand. For example, in 
the above case, graph of actual vacancy rates from 1977 to 2002 results in an upward 
sloping trend while graph of actual vacancy rates from 1977 to 1995 results in a 
downward sloping trend line. Thus, to find out the natural vacancy rates in Hong 
Kong, alternative method should be applied. 
Clapp (1993) find out problems in Wheaton’s linear trend line method in estimating 
the natural vacancy rate. An Auto Regressive Moving Average (ARMA) model is 
suggested. The result is given in model 6.15. 
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Model 6.15 Model to find out the natural vacancy rate in Hong Kong by ARMA 
approach 
Dependent Variable: VR 
Method: Least Squares 
Date: 03/09/04   Time: 00:22 
Sample(adjusted): 1978 2002 
Included observations: 25 after adjusting endpoints 
Convergence achieved after 32 iterations 
Backcast: 1977 
Variable Coefficient Std. Error t-Statistic Prob.   
C 9.922440 1.658529 5.982674 0.0000 
AR(1) 0.480698 0.252045 1.907191 0.0696 
MA(1) 0.347649 0.273057 1.273175 0.2162 
R-squared 0.481302     Mean dependent var 9.944000 
Adjusted R-squared 0.434147     S.D. dependent var 4.275519 
S.E. of regression 3.216182     Akaike info criterion 5.286434 
Sum squared resid 227.5642     Schwarz criterion 5.432699 
Log likelihood -63.08042     F-statistic 10.20693 
Durbin-Watson stat 1.798797     Prob(F-statistic) 0.000731 
Inverted AR Roots        .48 
Inverted MA Roots       -.35 
 
Natural vacancy rate found using the ARMA model is given in table 6.2 and the 
relationship is shown in Graph 6.9. 
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Table 6.2  AVR, NVR found using ARMA model and the difference between AVR 
and NVR 
 Actual Vacancy Rate Natural Vacancy Rate
Difference between AVR 
and NVR 
1978 6.5 11.07 -4.57 
1979 3.6 6.69 -3.09 
1980 8.3 5.81 2.49 
1981 11 10.01 0.99 
1982 17.6 10.79 6.81 
1983 20.6 15.98 4.62 
1984 13 16.66 -3.66 
1985 11.1 10.13 0.97 
1986 6 10.83 -4.83 
1987 5.5 6.36 -0.86 
1988 2.7 7.50 -4.80 
1989 5.3 4.78 0.52 
1990 6.1 7.88 -1.78 
1991 9.2 7.47 1.73 
1992 9.7 10.18 -0.48 
1993 6.7 9.65 -2.95 
1994 9.8 7.35 2.45 
1995 9.4 10.72 -1.32 
1996 11.2 9.21 1.99 
1997 11.5 11.23 0.27 
1998 15.9 10.78 5.12 
1999 14 14.58 -0.58 
2000 10.2 11.68 -1.48 
2001 11.1 9.54 1.56 
2002 12.6 11.03 1.57 
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Graph 6.9  Relationship between actual vacancy rate and natural vacancy rate 
 
 
 
 
 
 
 
After comparing the 3 approaches to find the natural vacancy rate, problems with the 
first two approaches are identified. The ARMA model is adopted and will be tested in 
the coming models. 
According to the literatures, the rental rates are affected by the difference between the 
actual and natural vacancy rates. The model, with natural vacancy rate found by the 
ARMA model will be tested to see if this situation can be applied into Hong Kong’s 
office market.  
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Model 6.16  Model with ln Nominal Rental Index (NRI) as dependent variables and the 
independent variables includes the difference between natural vacancy rate and actual 
vacancy rate by the ARMA model with 1-year lag, the interest rates, the sector GDP and 
the sector employment rates from 1980 to 2002. 
 
Regression 
 
 Variables Entered/Removed(b) 
 
Model Variables Entered 
Variables 
Removed Method 
1 
one-year lag Difference between 
AVR & NVR by ARMA, 
SECGDP, Interest Rate, 
SECWORK(a) 
. Enter 
a  All requested variables entered. 
b  Dependent Variable: ln 1999 rental index 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .865(a) .748 .689 .26231559 
a  Predictors: (Constant), one-year lag Difference between AVR & NVR by ARMA, SECGDP, Interest Rate, 
SECWORK 
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ANOVA(b) 
 
Model   
Sum of 
Squares df Mean Square F Sig. 
1 Regression 3.473 4 .868 12.619 .000(a) 
  Residual 1.170 17 .069     
  Total 4.643 21       
a  Predictors: (Constant), one-year lag Difference between AVR & NVR by ARMA, SECGDP, Interest Rate, 
SECWORK 
b  Dependent Variable: ln 1999 rental index 
 
 
 Coefficients(a) 
 
Model   
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. 
    B Std. Error Beta     
1 (Constant) 2.364 .454   5.210 .000 
  SECGDP .109 .029 .758 3.770 .002 
  SECWORK .006 .022 .060 .248 .807 
  Interest Rate -.026 .031 -.156 -.845 .410 
  one-year lag 
Difference 
between AVR & 
NVR by ARMA 
-.026 .022 -.170 -1.199 .247 
a  Dependent Variable: ln 1999 rental index 
When comparing with model 6.7, it is found that the explanatory power is no better 
with a drop of R2 from 0.786 to 0.689. The independent variables do not significantly 
explain the rental index, with only the sector GDP having a significant result with the 
dependent variable at 99% confidence level. This may suggest that the concept of 
using the deviation of actual vacancy rates from natural vacancy rates to determinate 
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the real rent rates may not be applicable in Hong Kong. 
This inconsistency with previous literature may be due to the natural vacancy rates 
found. The above natural vacancy rates found in Hong Kong from 1980 to 2002 are 
estimated using the ARMA model. This model may not show the true view of the 
natural vacancy rate in Hong Kong though it works in US. It is mainly due to the 
difference in the office market in these 2 places. 
In the United States, there are different systems gathering pools of data which are 
usually worked out by valuation based methods. In Wheaton and Torto (1995), the 
rental index used is obtained through the use of hedonic equation rather than by any 
transaction data obtained. This brings a great difference since the data obtained from 
the Rating and Valuation Department in Hong Kong is real transaction data. 
Furthermore, transaction price does not necessarily equal to the value of the premises. 
There may be other factors affecting the transaction prices, for example, any element 
of speculation or any personal favor towards the premises. These factors should have 
been removed if the data are gathered through valuation process. Lastly, there have 
been unexpected real estate activities in Hong Kong in the past years, especially 
during the economic boom. Since the data used in this study is overall data rather than 
data from particular grades, it is difficult to figure out the specific feature of the office 
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market in Hong Kong. Table 6.3 illustrates the difference in vacancy rate in Grade A 
and the overall office sector in Hong Kong from 1991 to 2002. 
Table 6.3  AVR in Grade A and overall office sector in Hong Kong from 1991 to 
2002.28 
 Grade A Overall
1991 9.2 9.2 
1992 10.2 9.7 
1993 4.8 6.7 
1994 10.3 9.8 
1995 7.9 9.4 
1996 8.3 11.2 
1997 8.8 11.5 
1998 15.3 15.9 
1999 12.9 14 
2000 8.7 10.2 
2001 8.7 11.1 
2002 10.8 12.6 
From the table, it can be seen that the vacancy rate in Grade A offices is much lower 
than the overall value during the economic boom; in the CBD, there are times when 
zero vacancy rate is recorded. It is against the concept of natural vacancy rate 
suggested from the literature and this extraordinary situation is believed to be unique 
in Hong Kong. The above reasons tend to support that there exists an obvious 
difference between the office market in the United States, where the literature referred 
                                                 
28 Source: Hong Kong Rating and Valuation Department, Hong Kong Property Review, various issues. 
Hong Kong: the Government of the HKSAR 
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to, and the office market in Hong Kong which gives the above insignificant results.   
 
6.4  Hypotheses testing 
Based on the results obtained in the above, whether the hypotheses are confirmed or 
rejected will be summarized in this section. 
The first hypothesis aims to test that there exists a relationship between vacancy rate 
and office rentals. According to the demand and supply theory, it is commonly 
believed that when the vacancy rate increases, which implies that there is more supply 
than demand, the rental price will decrease. Empirical tests are carried out and the 
first hypothesis is not rejected that there exists a close correlation between the actual 
vacancy rates and the real rent rates in the office market in Hong Kong. There exists 
an inverse relationship between vacancy rates and office rentals, i.e., increased 
vacancy rate will lead to a decrease in the office rental. The result of inverse 
relationship is shown in graph 6.1. Besides, from the mentioned graph, time lag 
relationship is identified. From graph 6.2 and 6.3, it is found that the time lag between 
vacancy rate and office rental changes in the past two decades. The time lag between 
vacancy rate and office rentals was two years from 1980 to 1987 while a one-year 
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time lag is found between vacancy rate and office rentals from 1988 to 2002. These 
two relationships are further tested using regression models and the coefficients of the 
vacancy rate are both significant at 99% confidence level. Details of the results have 
been shown in model 6.2 and 6.3. Apart from affirming the time lag relationship, from 
the model, the inverse relationship between the 2 variables can be proved, as seen 
from the negative coefficient of the vacancy rate variables. 
The second hypothesis aims to show that there is a unique set of rent determinants in 
Hong Kong due to the locational difference between places. Rental adjustment 
process is carried out and studied. Variables being looked at are from the macro 
economic sense, rather than a micro-economic sense. Fluctuations of results are found. 
The models do not seem to fit into the Hong Kong market. It is believed to be due to 
the difference in market condition between Hong Kong and the United States, where 
the models are developed. Adjustments are made in the study, in model 6.9 to model 
6.12, time lag adjustment is made in different period, and problem of the sector 
employment factor is identified. The second hypothesis was not rejected. It was 
concluded that the models from the literature can act as a backbone of the rent 
adjustment process in Hong Kong, but amendments are needed due to the locational 
market difference in order to obtain a best fit model.  
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Lastly, natural vacancy rate obtained from three different methods is looked at to see 
if it plays a role in the rental adjustment process in Hong Kong.. 3 different models 
from the literatures are used, i.e., assuming natural vacancy rate to be a constant by 
Shilling et al. (1992), the trend line method by Wheaton and Torto (1988) and the 
Autoregressive method by Voith and Crone (1988). Using the first method, the natural 
vacancy rate found in Hong Kong is 10.968%, Results from the trend line method is 
not quite satisfactory with an adjusted R2 of less than 0.1. Bias was also identified, as 
shown in Graph 6.7 and 6.8. For the last method using ARMA model, the adjusted R2 
is 0.43. The natural vacancy rate for each year is found and shown in table 6.2 and 
graph 6.9. This result is adopted for further testing of the rent adjustment model using 
the gap between actual and natural vacancy rate to be one of the independent variables. 
No improvement is shown in the modified model with a drop in R2 from 0.786 in 
model 6.7 to 0.689 in model 6.16. This also supports the argument that modifications 
should be made due to locational difference between places. Therefore, it is concluded 
that the gap between AVR and NVR, obtained by using the methods suggested by 
Shilling et al. (1992), Wheaton and Torto (1988), and Voith and Crone (1988), has no 
direct relationship with the rental index. The last hypothesis is thus rejected.
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CHAPTER 7 
CONCLUSION 
 
7.1 Conclusion of study 
Hong Kong is an international financial centre. It has also been an important stepping 
stone for foreign investors to China. The fast growing service industry makes the 
demand for office spaces increase. In this research, the relationship between office 
vacancy rate and the office rentals are studied from the macro view.  
Adjustment models are locational specific, For example, different cities in the US 
used different models to study the rental adjustment. Thus, these models are studied 
and modified to suit local context. 
Data of relevant factors as suggested by the literatures are collected, which includes, 
overall unemployment rates, gross domestic product, overall year-end stock, overall 
annual supply, overall annual demand, interest rates, occupied space, change in 
customer price index, lagged vacancy rate, sector workforce and sector GDP. Using 
stepwise methods, only 4 factors are left, namely lagged vacancy rate, the sector GDP, 
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the sector workforce (both in the financing, insurance, real estate and business service 
sector) and the interest rate. Different time lags between the office vacancy rate and 
the office rentals are tested. Results show that before 1987, the time lag between 
vacancy rate and office rentals was two years while between 1988 to 2002, the time 
lag was one year. Models investigating on the time lag relationship between 2000 and 
2003 using quarterly data show that the time lag between vacancy rates and rentals 
has further shortened to one quarter. Yet, this 1-quarter lag is predicted to be about the 
shortest time lag possible in the market due to the time needed for analyzing the office 
market, collecting the vacancy data and adjusting the rents accordingly. 
The results of the empirical study were satisfactory. Using the corresponding time lag 
found between vacancy rates and office rentals, the adjusted R2 of the models are 
0.986 and 0.875 for 1980 to 1987 (model 6.10) and 1988 to 2002 (model 6.11) 
respectively. The factors are of the correct signs. Sector work employment is the 
factor which needs extra attention. Relationship between the number of employee in 
the real estate sector and the number of establishment in this sector is studied. It is 
found that there existed a close trend between the number of work force and the 
number of establishments from 1980 to 1987. The trend deviates from 1988 onwards, 
which means more people involving in the industry do not mean that more space is 
needed. One of the reasons to this is because of the different requirement in spatial 
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need due to the advancement in technology. 
Three methods were used to find out the natural vacancy rates. They are, assuming the 
natural vacancy rate to be a constant, using the trend line method as suggested by 
Wheaton and Torto (1988), and finding out the rate using an ARMA model, as 
suggested by Voith and Crone (1988). The first two models are found to be 
unreasonable for the value of natural vacancy rate obtained, due to the lack of time 
component in the first model and the bias exists in the trend line approach. Thus, the 
ARMA model is applied. The result found after applying the natural vacancy rate as 
one of the factors in the model is not satisfactory. One of the reasons suggested is due 
to the difference in the office market in Hong Kong and in the United States, where 
the ARMA model is applied. 
From the study, it can be concluded that a rental adjustment model using the actual 
vacancy rate may be more appropriate for the office market in Hong Kong., This 
suggests that rents in Hong Kong nowadays are less likely to be determined by the 
natural vacancy rates as it is the case in the United States. 
These rental adjustment models are highly affected by locational factors, as suggested 
by the literature, and so does the model for finding natural vacancy rates. To capture 
the closest view of how rentals are being affected by the macro factors, these rental 
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adjustment models should be modified from time to time. The example illustrated in 
this study is the period of time lag between the vacancy rate and the office rental. 
In conclusion, results of this study are satisfactory. Relationship between the vacancy 
rate and the office rentals can be clearly analyzed and proved using historical data in 
the form of graphs and regression models. The models found in this study can help to 
estimate the office rentals using macro factors. 
 
7.2  Limitation of study 
The limitation to this study is the lack of quarterly data for the factors suggested. This 
restricts a more detailed analysis of the relationship between different factors. Besides, 
since it is suggested that the time lag relationship is changing over the years, the lack 
of quarterly data by the government may restrict the development of a more accurate 
model with shorter time lag. 
Another limitation concerns about the interest rate. The interest rate factor can be a 
fluctuating factor. Thus converting it to annual data may result in a smoothing effect 
which affects the accuracy of the results. Thus, the use of data of shorten periods may 
bring a more accurate result for the proposed model. 
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Besides, due to the limited time and resources for this study, it is not possible to 
develop a pool of monthly or quarterly data for each factor, which is locational 
specific. In the United States, there are organizations managing pools of such data, 
which makes the research process more feasible. There lacks such organization in 
Hong Kong. The Rating and Valuation Department does not contain quarterly data. 
They have also changed the grading system in 1982. For private firms like Jones Lang 
LaSalle, their data are just estimates, which may not be able to represent the overall 
climate in the Hong Kong office sector. Thus, in this study, focus is restricted on 
overall office market without specifying the location or the grading of office. 
 
7.3  Suggestions for further improvements and research 
Improvements can be made to improve the results of the analysis. Suggested 
improvements include the use of monthly or quarterly data for the factors instead of 
annual data so that the trend and the time lag can be figure out more precisely. 
Besides, due to the difference in grade A, B and C office market, a more accurate 
result is expected if research is focused on office of the same grade. To further capture 
a closer view of the office rental adjustment, it is suggested that data from specific 
district, e.g. the Central, can be used in the research.  
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In this study, it is found that there does not exist a model which is specific for the 
natural vacancy rate in the office market in Hong Kong. In future research, it is 
worthwhile to develop a locational specific natural vacancy rate model. If such model 
exists, it can be foreseen that the office rental adjustment model can be modified and 
serves to illustrate a better view of the office market using macro factors.
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